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Две души живут во мне и обе не в ладах друг с другом. Гёте «ФАУСТ»
Высшая цель градостроителя – помочь городу быть самим собой.   А. Гутнов, В. Глазичев

НЕКОТОРЫЕ ОСОБЕННОСТИ  УСИЛЕНИЯ ПОВРЕЖДЕННЫХ
ДВУХЪЯРУСНЫХ ПОДПОРНЫХ СТЕН С УЧЕТОМ РАБОТЫ ГРУНТОВОГО

ОСНОВАНИЯ
ГИГИНЕЙШВИЛИ Д.Я., к.т.н., доктор PhD., ООО «ПРОГРЕСИ»; г. Тбилиси, Грузия

МАЦАБЕРИДЗЕ Т., ООО «ПРОГРЕСИ»; г. Тбилиси, Грузия
ТКАЧЕНКО Т.Н., к.б.н., доц. Киевского национального университета строительства и

архитектуры, г. Киев, Украина
ВОЛОШКИНА Е.С., д.т.н., проф. Киевского национального университета строительства и

архитектуры, г. Киев, Украина
Резюме: В статье дан анализ ошибок, допущенных при проектировании и монтаже
двухъярусных подпорных стен. На основе применения компьютерного моделирования,
расчета и анализа напряженно-деформировწанного состояния  конструктивных
систем, расчета  устойчивости склона с учетом существующих подпорных стен, даны
проектные решения усиления и рекомендации для того, чтобы сложные конструкции
существующих подпорных стен сохранили и выполняли свою функцию без деформаций,
разрушений или без каких-либо других осложнений на длительный период эксплуатации.
Также рекомендуется применить биологический метод укрепления склонов, основанный
на трёхъярусный высадке специализированных видов растений.
Ключевые термины: двухъярусная подпорная стена, сложный рельеф,  фильтрация,
устойчивость склонов, компьютерное моделирование, расчетная модель, грунтовые
анкера, деформации, обрушения, биологические методы укрепления склонов.

1. Введение
С трудностями, связанными с устойчивостью склонов, человечество борется с давних

времён, и, несмотря на то, что на сегодняшний день разработано большое количество теорий и
программ,  с помощью которых производится оценка устойчивости склонов, совместный расчет
конструкций подпорных стен с грунтом и оптимальный подбор их элементов до сих пор остается
актуальной проблемой.

При освоении сложного рельефа и из-за дефицита пригодных для строительства
территорий, в окрестностях г.Тбилиси  поспешно начали осваивать непригодные для
строительства местности со сложным рельефом, в том числе и крутые склоны (с большим
уклоном рельефа ≥12-15%).  Одним из примеров такого поспешного освоения  рельефа является
и данный случай, где с целью устройства внутреннего двора (частного здания) были применены
двухъярусные подпорные стены из монолитного железобетона (см. рис. 1,2, 3).
Необходимо также отметить, что  проектируемое сооружение, кроме  надежности, безопасности
и экономической целесообразности, должно обеспечить функциональную  пригодность за
определенный срок нормальной и безотказной эксплуатации. Определение функциональной
пригодности такого класса сооружения  невозможно без правильного прогнозирования
перераспределения напряжений  в грунтах оснований под фундаментами, происходящего
вследствие  изменения физико-механичнских и реологических свойств грунтов после
замачивания водой.Цель
Целью данной работы является оценка аварийных ситуаций существующих двухъярусных
подпорных стен и предложенного архитектурно-строительного и конструктивного решений,
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создание, с учетом сохранения существующих, более приемлемой и надежной системы
подпорных стен и создание эффективного биологического метода укрепления склона.

Основная часть с описанием существующих решений возникших проблем и новых
технических решений

Основанием для первого яруса подпорных стен служат  слабо выветреные аргиллиты, для
подпорных стен второго яруса – искусственно созданные и  утрамбованные глинистые грунты.
Разница отметок уровней низа нижнего яруса подпорных стен, и земли поверх  подпорной стены
второго яруса составляет более 8м. Средняя высота каждого яруса составляет Hср.=4.0м.
Фундаменты нижнего яруса подпорных стен ленточные, шириной L=3.0м и толщиной t=0.5м.
Фундаменты верхнего яруса подпорных стен точечные, с шагом колонн L=3.0м, габариты
точечных фундаментов 1.5X1.5м, толщина t=0.5м. По данным геологических исследований [1].
под фундаментами подпорных стен следующие грунты :
1. Крупнообломочный грунт (под фундаментами подпорных стен первого яруса);
2. Глинистые грунты совместно с сыпучими несвязными насыпными грунтами.

В результате расчетов [2,3,4-8]. определено, что общая устойчивость обеспечена с
небольшим запасом, а во втором ярусе (верхние слои) не обеспечивается необходимая
устойчивость от сдвига массива в целом. Это обстоятельство усиливается при проявлении
дождевых вод,  снижающих  сцепление грунтового массива в целом.

В течение года по завершению строительства образовались значительные деформации и
трещины в конструкциях стен второго яруса (см. рис. 1).

Рис. 1. Поперечный разрез существующих Рис. 2. Фрагмент плана  существующих
двухъярусных подпорных стен двухъярусных подпорных стен

Фото 3.  Вид двухъярусных  подпорной со стороны стены со второго яруса
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Фото 4.  Вид   двухъярусных  подпорных стен (слева хорошо заметен деформаций  подпорной
стены второго яруса, справа первый ярус).

Фото 5.  Вид второго яруса подпорной стены (Видны деформаций и трещины в  стене).

Фото 6.  Вид второго яруса подпорной стены (Видны наклонные трещины).
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Рис.7.  Результаты  расчета  устойчивости склона с учетом существующих подпорных стен.
В данном предложении устойчивость и надежная работа конструкций обеспечивается

применением специальных ребер жесткости и грунтовых анкерамов одновременно. При этом
для предотвращения смещения и деформации вертикальных подпорных стен второго яруса с
помощью грунтовых анкеров создаётся предварительное напряжение с усилием от 3 до 4 тонн в
каждом анкере [9].

Рис.8.    Пространственный вид расчетной модели двухъярусных подпорных стен с
конструкциями усиления с применением  вычислительного комплекса «ЛИРА САПР 2015»

-15.1 -13.2-13.2 -11.3-11.3 -9.44-9.44 -7.55-7.55 -5.66-5.66 -3.78-3.78 -1.89-1.89 -0.151-0.151 0
Загружение 1
Изополя перемещений по Y(G)
Единицы измерения - мм

X
YZ

Рис.9.   Значение перемещения конструктивных элементов двухъярусных подпорных стен с
конструкциями усиления на основе  вычислительного комплекса «ЛИРА САПР 2015»
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Рис.10. Поперечный разрез существующих двухъярусных подпорных стен после усиления.

Рис.11.  Фрагмент плана существующих двухъярусных подпорных стен после усиления.
Расчеты давления грунтовой среды  для различных грунтовых условий.

На систему подпорных стен, имеющую вертикальные или чуть наклонные стены, активное
давление со сторонны грунта, действующего на подпорные стены, определяется формулой [6]:

EE=0,5   H2  (1)
где:  - объемный вес грунта (засыпки) кг/м3;
H - высота подпорной стены, м;
 - коэффициент, зависящий от значения внутреннего трения грунта ( ), от угла наклона

насыпного грунта ( ) и отклонения задней плоскости подпорной стены от вертикальной линии
(  ).

Для данного случая давление грунта на подпорную стенку имеет треугольную форму.
При наличии на призму обрушения грунта равномерно распределенной нагрузки с

интенсивностью q,  давление грунта на поверхности подпорной стены определяется следующим
образом:  если отклонение задней стены  ( 010 ), то интенсивность q определяется по
формуле: EE=0,5   H (H+2h0)  (2)
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где: h0=

q

- усредненная высота слоя грунта;

Для такого случая по высоте подпорной стены эпюра давления грунта на подпорную стену
имеет трапециевидную форму с ординатами, которые определяются следующим образом
формулам:

нижний уровень трапеций 1q =
0

2

hH

E


и верхний уровень 2q = 1q

0

0

hH

h


.

Центр тяжести трапеций находится на расстоянии от ее нижнего конца:

21

21 2

3 qq

qqH
e




 (3)

Для водонасыщенных грунтов давление грунта на подпорную стену уменьшается из-за
взвешивающего действия воды на грунт. Однако в таком случае подпорная стена также
испытывает дополнительное гидростатическое давление воды. Суммарное давление
собственного веса грунта и воды определяется в зависимости от уровня воды относительно
уровня грунтов. Если уровень воды совпадает с уровнем грунта или выше него, то грунт
находится во взвешенном состоянии, и суммарное давление определяется формулой:

2
0

2
20 5,0)(5,0 HhaEEE   wg (4)

Эпюра давления грунта на стену принимает вид двух разных треугольников. Если уровень
воды ниже уровня грунта, то суммарное давление принимает следующий вид:

2
20

2 )1(5,05,0 haHEEE   вг (5)
где:

;грунтавесобъемный

).( _

;

0,70,55объемеобщемвгрунтачастицсостав
водывесобъемный0







Если уровень воды выше уровня грунта, тогда суммарное давление принимает следующий
вид: 2

0
2
20вг 5,0)(5,0 HhaEEE   (6)

Анализ результатов компьютерного моделирования и расчетов
Для правильной оценки напряженно-деформированного состояния двухъярусных

подпорных стен необходимо иметь точные данные геологических и гидрогеологических
изысканий исследуемого участка в целом. .

В связи  с тем, что на участке (особенно в пределах второго яруса подпорной стены)
имеются в основном насыпные и неоднородные глинистые грунты, которые характеризуются
большим разбросом физико-механических свойств, с целью безошибочного решения данного
вопроса воспользовались  методами математической статистики.

Для нахождения среднего квадратичного отклонения и установления среднего
статистического значения физико-механических характеристик грунтов мы воспользовались
формулой: Xср=ƩXiср/n , (7)

где: Xi – среднее арифметическое значение показателей физико-механических
характеристик грунтов,

n – количество проведенных испытаний (исследований) грунтов.
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После уточнения данных геологических и гидрогеологических изысканий производилась
оценка напряженно-деформированного состояния двухъярусных подпорных стен с применением
на основе  вычислительного комплекса «ЛИРА САПР 2015» [3,4,5,7].

Расчеты на всех этапах производились для разных вариантов усиления существующих
конструктивных систем подпорных стен с учетом приходящихся на стены предельных нагрузок.
Нами строились графики зависимостей для каждого этапа с учетом изменения конструктивных
особенностей. Во всех расчетах грунт задавался как идеально деформированное
упругопластическое тело (масса).

При расчетах мы заведомо допускаем, что устойчивость подпорных стен и грунтового
массива может нарушиться, если сползание грунта вызовет срез и поворот подпорных стен. В
таком случае состояние их возможного устойчивого равновесия может оцениваться с
применением разных математических методов с учетом существующих конструктивных
решений стен. Нами был выбран комплексный метод оценки как для грунтов, так и конструкций
подпорных стен с учетом общего коэффициента запаса – Kz.

На основе многостороннего компьютерного моделирования и изучения напряженно-
деформированного состояния существующих конструкций и условий реальной работы
двухъярусных подпорных стен с разными вариантами усиления нами выбраны наиболее
оптимальные конструкций с целью усиления стен с точки зрения расхода материалов, что даёт
технико-экономический эффект с учетом их долгосрочной эксплуатации (а также с точки
зрения надежности и экономичности).

Причины аварии
1.При проектировании и строительстве двухъярусных подпорных стен не было учтено давление

фильтрационных грунтовых вод на подпорную стену;
2.Дожди и обильные поливы водой травяных растений, вызывающих перенасыщение грунтового

массива водой и изменение их физико-механических свойств в худшую сторону;
3.Не учтены неоднородность и слабые физико-механические свойства грунтового основания под

фундаментами второго яруса подпорных стен;
4.Устройства точечных фундаментов вместо ленточных для  второго яруса подпорных стен по

всей их длине;
5.Отсутствие дренажных систем отвода ливневых вод со стороны внутреннего двора.
6.Следует также отметить, что в данном случае, применяемые растения выполняли

декоративную функцию. Соответственно их ассортимент подбирался исходя из декоративных
свойств. Понятное дело, что такие растения нуждались в дополнительном уходе и поливе, что
привело к избытку влаги и изменению физико-механических свойств  грунта (размыву).

Нами предлагается также биологические методы укрепления склонов растениями,
которые, наряду с техническими мероприятиями, будут эффективны в укреплении данного
склона.  Прежде всего, хотелось указать на ошибку в подборе ассортимента растений. Для
стабилизации эрозионных процессов (ветровая и водная эрозия), приводящих к оползням и
обвалам, наиболее надежным и целесообразным способом с точки зрения экологии является
создание растительного дернового слоя на склонах и откосах. Основной почвозащитный эффект
оказывают надземные части растений. Они рассеивают кинетическую энергию дождевых капель,
предотвращая разрушение структуры поверхностного слоя почвы и образовывая слабую
водопроницаемую корку. Эффективность защиты почвы от ударов дождевых капель
определяется проективным покрытием растительности. При 90 %- ном проективном покрытии
установившееся впитывание воды на карбонатных черноземах и каштановых почвах, например,
составляет 1,5 - 2,5 мм/мин, а на оголенных участках - 0,2 - 0,3 мм/мин. Кроме того,
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растительность, рассеивая кинетическую энергию капель, на порядок снижает
транспортирующую способность пластовых потоков [11]. Влияние растительного покрова
достаточно разнообразно. Культуры с мочковатой корневой системой повышают
агрегированность и, как следствие, - противоэрозионную стойкость. В этом отношении особенно
эффективны многолетние травы, которые увеличивают противоэрозионную стойкость почв в
несколько раз за счет своей корневой системы, она связывает отдельные частицы грунта между
собой и уменьшает скорость потока у поверхности почвы. Кроме того, корни и растительные
остатки, разлагаясь в почве, обогащают ее органическими веществами, что способствует
повышению ее противоэрозионной стойкости [12]. Ярусность в растительном сообществе очень
важна. Поэтому лучше использовать не один вид древесных высокорослых деревьев, а ярусные
посадки, состоящие из многолетних трав (I ярус), полукустарников (II ярус) и деревьев (III ярус).
Такая посадка способна укрепить склон и впитать избыток влаги.  Для посадок I яруса лучше
использовать овсянницу, клевер; в качестве почвопокровных лиственных подойдут плющ
обыкновенный и барвинок. Эффективна для глинистых грунтов пуэрия дольчатая. Для II яруса
(полукустарники) эффективными могут быть барбарис обыкновенный, кипарисовик золотистый,
можжевельник казацкий, кизильники, форзиция, дрок. Для III яруса – деревья: сосна горная,
разновидности ели, айва японская.

В ы в о д ы:
На основе всестороннего компьютерного моделирования и использования компьютерных

технологий,  с учетом различных факторов и на основании тщательного анализа результатов
многовариантного проектирования был получен улучшенный вариант усиления (более надежное
и экономичное решение сложных конструктивных систем подпорных стен), приняты новые
архитектурные и конструктивные решения. Данные решения удовлетворяют все нормативные
требования по прочности, деформативности, устойчивости, по расходам строительных
материалов и др.

Для закрепления, удержания и обеспечения нормальных условий эксплуатации двухъярусных
подпорных стен пришлось создать сложную систему конструктивных мероприятий,  в
частности:

1. Для исключения  вертикальных смещений второго яруса конструкций подпорных стен
необходимо соединить нижний ярус подпорных стен с верхним ярусом с помощью
специальных ребер жесткости;

2. В целях удержания смещения и опрокидывания верхнего яруса подпорных стен пришлось
устраивать грунтовые анкера из буро-инъекционных свай длиной 16-18м;

3. Необходимо связать колонны и подпорные стены между собой горизонтальным ребром
жесткости, чтобы исключить выпучивание и прогибы подпорных стен между колоннами от
давления грунта;

4.  Устроить  дополнительные  водоотводные трубы в теле бетонной стенки и др.
5. Проведение мониторинга и контроля за поведением вертикальных и горизонтальных

перемещений  элементов конструкций подпорных стен.
6. Альтернативным условием  с  точки зрения длительной и беспроблемной эксплуатации
вышеотмеченных двухъярусных подпорных стен, является устройство над вторым ярусом
легкого навеса, не допускающего попадание дождевой воды и исключающего  обильный
полив водой травяных и других растений. Для дополнительного забора влаги с крыши навеса
предлагается эго экстенсивное озеленение (создание экстенсивной зеленой кровли).

7. В качестве эффективного биологического метода укрепления склона предлагаются ярусные
посадки, состоящие из многолетних трав и полукустарников (I ярус)  и деревьев (II ярус).
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Такая посадка способна укрепить склон и впитать избыток влаги.  Для посадок I и II яруса
лучше использовать овсяницу, клевер; в качестве почвопокровных лиственных подойдут
плющ обыкновенный и барвинок. Эффективна также для глинистых грунтов пуэрия
дольчатая. Для I яруса (полукустарники) эффективными могут быть барбарис обыкновенный,
кипарисовик золотистый, можжевельник казацкий, кизильники, форзиция, дрок. Для II яруса
– деревья: сосна горная, разновидности ели, айва японская.
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sanapiro-rekreaciuli zolis napirdamcavi motivtive-
StormSemarbilebeli hidroteqnikuri nageboba

a. frangiSvili, z. cixelaSvili, i. qadaria, n. CxeiZe,
p. giorgaZe

(saqarTvelos teqnikuri universiteti, m.kostavas 77, 0175, Tbilisi
saqarTvelo)

reziume: SemuSavebulia axali formis motivtive napirdamcavi
StormSemarbilebeli hidroteqnikuri nagebobis bmuli kompleqsis varianti,
romelic gankuTvnilia zRvis sanapiro-rekreaciuli zolisa da Ria
portebis  Stormuli talRebisagan dasacavad. Sesabamisad SemuSavebuli
inovaciuri proeqti garkvul qmedunarianobasa da sicocxlisunarianobas
SesZens zRvispira qalaqebSi saerTaSoriso daniSnulebis Ria portebisa da
sanapiro-rekreaciuli zolebis sareabilitacio-sivrciT perspeqtiul
mSeneblobas. agreTve am obieqtebze ekologiur-prevenciuli
rekomendaciebis SemuSavebas (Stormis pirobebSi saniaRvre kanalizaciis
Seuferxebeli funqcionireba, damsvenebelTa rekreaciul-komfortuli
donis amaRleba da a.S.), rac dRes gansakuTrebiT aqtualuri da droulia.
amasTan, pirvel rigSi, mizanSewonili iqneba q.baTumis bulvaris mimdebare
sanapiro-rekreaciuli sakurorto zolis SerCeviT monakveTze sapilote-
sacdeli inovaciuri proeqtis ganxorcieleba.
sakvanZo sityvebi: motivtive StormSemarbilebeli hidroteqnikuri
nageboba,  sanapiro-rekreaciuli zoli, sapilote-sacdeli inovaciuri
proeqti, ekologiur-prevenciuli rekomendaciebi.

1. Sesavali
proeqtis mizania adgilobriv an/da saerTaSoriso bazrebze efeqturi

maRalteqnologiuri inovaciur-komerciuli Rirebulebis produqtis Seqmna
zRvebisa da okeaneebis rekreaciuli sanapiro zolisaTvis, praqtikuli
gamoyenebis motivtive napirdamcavi axali tipis talRaSemarbilebeli
hidroteqnikuri nagebobis kompleqsis Seqmna.

miznis misaRwevad warmodgenili proeqtis ganxorcieleba dagegmilia
hidrodinamikuri da fizikuri modelirebis safuZvelze dasabuTebuli axali
tipis talRaSemarbilebeli hidroteqnikuri nagebobis (da maTi bmulebis)
analogiuri modelebis konstruirebiTa da seriuli gamocdiT specialur
laboratoriul talRageneratorze Savi zRvis talRebis reJimuli generaciis
pirobebSi. sanapiro-rekreaciuli zolis (qalaqebis: baTumi, foTi, qobuleTi
da a.S.) maxasiaTebeli parametrebis mixedviT SesaZlebeli iqneba miRebuli
Sedegebis gamoyeneba am obieqtebis sapilote proeqtis SesamuSaveblad.

Ria tipis sazRvao (an okeanis mimdebare rigi zRvebis) navsadgurebis
gamarTul muSaobaze mniSvnelovnadaa damokidebuli nebismieri sazRvao qveynis
ekonomikuri keTildReoba, sagareo-satransporto gadazidvebis organizaceba,
kulturul-ekonomikuri kavSir-urTierTobebis ganviTareba da sxva. rogorc
Ria navsadgurebi, aseve maTi akvatoriebi (navsadguris sazRvrebSi moqceuli
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wylis sivrce-teritoriebi), garkveul periodebSi, rogorc wesi, ganicdian
zRvis Stormuli talRebis arasasurvel zemoqmedebas, rac aferxebs sazRvao
transportis normalur funqcionirebas (satransporto gemebis da sxv.
manevrireba-dabinavebas). agreTve, Stormuli talRebi iwveven navsadgurebis
mimdebare sanapiro zolebis Seuqcevad warecxvebs, Stormis dros saniaRvre
wyalarinebis (kanalizaciis) sistemis normaluri funqcionirebis Seferxebasa
da sanapiro areebSi Stormul adinebebs.

2. ZiriTadi nawili
dRevandeli mdgomareobiT zRvis Stormuli talRebis arasasurvel

zemoqmedebas ganicdis q. baTumis mimdebare zRvis sanapiro-rekreaciuli zoli
(bulvari, axali bulvari, adlia-aeroportis teritoria da a.S.), agreTve
talRebis zemoqmedebiT da fuZis gruntis gamorecxvebisa da deformaciebis
Sedegad ingreva q. foTis navsadguris damcavi kedeli-zRudari (moli);
uaxloes momavalSi katastrofuli warecxvebi emuqreba aWaris SavizRvispira
zols  TurqeTis teritoriaze maRlivi kaSxlebis kaskadis agebisa da md.
Woroxis mier myari natanis Semotanis bunebrivi wonasworobis darRvevis gamo.
warecxvebs eqvemdebareba agreTve “baqo-sufsis” navTobsadenis terminalis
mimdebare sanapiroc. aRniSnuli garemoebani dakavSirebulia mniSvnelovan
ekonomikur da ekologiur zaralTan. analogiur movlenebTan gvaqvs saqme ara
marto saqarTvelos, aramed msoflios mravali qveynis zRvebisa da okeaneebis
sanapiro areebSic. aRniSnuli mimarTulebiT dasmuli problemis samecniero
kvlevas - axali tipis motivtive StormSemarbilebeli hidroteqnikuri
nagebobis SemuSavebas, Sesabamisad, sapilote proeqtisTvis parametr-
maxasiaTeblebis gansazRvrisa da motivtive StormSemarbilebeli
hidroteqnikuri nagebobis bmuli kompleqsis realur gamocdas q. baTumis (da
ara marto baTumis) sanapiro-rekreaciul zolSi ganTavsebis mizniT udidesi
praqtikuli mniSvneloba eqneba.

amrigad, kvlevis problema ganisazRvreba axali tipis motivtive
talRaSemarbilebel hidroteqnikuri nagebobis bmuli kompleqsis SemuSavebaSi
zRvis (an okeanes mimdebare rigi zRvebis) sanapiro rekreaciuli zolisa da
Ria portebis Stormuli talRebisagan dasacavad (nax. 4,6), Sesabamisad kvlevis
amocanebs Seadgens [1-5]:
• motivtive talRaSemarbilebeli higroteqnikuri nagebobis  samecniero-
eqsperimentuli kvlevis  zogadi meTodologiis SemuSaveba;

• hidrodinamikuri  da fizikuri modelirebis safuZvelze axali tipis
motivtive talRaSemarbilebeli hidroteqnikuri nagebobis savaraudo-
sacdeli formebis SerCeva, saeqsperimento modelebis konstruireba da ageba;

• SerCeuli konstruqciebisagan Sedgenili motivtive hidroteqnikuri
nagebobis bmuli kompleqsis seriuli gamocda laboratoriul
talRageneratorze Savi zRvis maxasiaTebeli talRebis reJimuli generaciis
pirobebSi;

• samecniero-eqsperimentuli kvlevis Sedegebis hidrodinamikuri analizi,
teqnologiuri siaxle da inovaciur-komerciuli winadadebis SemuSaveba
adgilobriv da saerTaSoriso bazrebze sarealizaciod.
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aRsaniSnavia, rom Stormuli talRebis mavne zemoqmedebis
ugulvelsayofad mimarTaven SerCeuli sanapiro-rekreaciuli zolebis
ekologiur-dacviT samuSaoebs (SerCeviT sanapiro zolebSi inertuli masalis
dayra, navsadguris akvatoriis perametris SemozRudva sxvadasxva tipis
tradiciuli hidroteqnikuri nagebobebis mowyobiT da sxv.), rac xSir
SemTxvevebSi araefeqturi da sakmaod ZviradRirebulia, amasTan, moiTxovs
regularuli samuSaoebis Catarebas warecxili moculobis aRsadgenad.

dRevandeli mdgomareobiT sanapiro-rekreaciul zolebSi da msoflios
rig Ria navsadgurebSi arsebuli StormsawinaaRmdego SemomzRudavi
nagebobebis gamoyenebis praqtika, SeiZleba iTqvas, rogorc moralurad, aseve
teqnologiurad SedarebiT moZvelebulia, rigi obieqtebi ki amortizebuli da
Tanamedrove teqnologiebis Sesabamisad moiTxovs maT ganaxleba-
reabilitacias.

aRniSnul konteqstSi, rogorc erT-erTi varianti, SeiZleba
moiazrebodes Cven mier SemoTavazebuli proeqtiT SemuSavebuli inovaciuri
winadadeba-teqnologia, romlis danergvasac (sapilote proeqtis saxiT)
upirvelesad vgegmavT q.baTumis bulvaris sanapiro-rekreaciuli zolis
mimdebare zRvis SelfSi [3].

SemoTavazebul inovaciur proeqtSi warmodgenili iqneba rogorc
samodelo nagebobebis laboratoriul–eqsperimentuli kvlevebis Sedegebi,
aseve miRebuli Sedegebis Sesabamisad axali tipis erT-erTi motivtive
napirdamcavi kompleqsis gaangariSebis zogadi meTodika hidrodinamikuri
maTematikuri modelirebis safuZvelze (nax. 1).

nax.1 motivtive talRaSemarbilebeli  nagebobis elementis
konstruqciuli sqema
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nax.2  motivtive talRaSemarbilebeli nagebobis konstruqciebis bmuli

SemoTavazebuli napirdamcavi talRaSemarbilebeli motivtive
hidroteqnikuri nageboba Seqmnilia zRvis sanapiro-rekreaciuli zolisa da
Ria portebis Stormuli talRebisgan dasacavad.avtorebis mier SemoTavazebul
teqnologias  analogi ar aqvs da masze miRebulia Sesabamisi gamogonebis
patenti {2}. igi wakveTili piramidis formis modelebis bmul jaWvs
warmoadgens (nax.2) da misi samecniero-eqsperimentuli gamocda iv.
javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis okeanologiisa
da meqanikis laboratoriaSi talRageneratorze moewyo Savi zRvisTvis
damaxasiaTebeli mokle talRis reJimis imitaciis pirobebSi. teqnologiis
efeqturoba gamovlinda da dafiqsirda talRis energiis Serbilebis 30-40 %-
iani diapazoni (nax.3).

aRsaniSnavia, rom mimdinare etapze Cvenma samecniero-SemoqmedebiTma
jgufma, eqsperimentuli modelirebis safuZvelze, SevimuSaveT axali  formis
StormSemarbilebeli hidroteqnikuri nagebobis konstruciis varianti (nax.6)
da vgegmavT mis laboratoriul-eqsperimentul gamocdas talRageneratorze
Savi zRvis talRebis reJimuli generaciis pirobebSi. miRebuli Sedegebis
Sedareba adrindel konstruqciasTan (nax.2) saSualebas mogvcems miRebul
iqnas rekomendacia baTumis bulvaris mimdebared zRvis SelfSi (sanapiro
zolidan 80-150 m-is dacilebiT) sapilote-sacdeli hidroteqnikuri nagebobis
bmuli kompleqsis ganTavsebis mizanSewonilobis Sesaxeb.
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nax.3 laboratoriis pirobebSi fiqsirebuli talRebis kompiuterul-imitaciuri
modelireba

nax. 4                               nax. 5
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nax. 6

3. daskvna
SemuSavebulia axali formis motivtive napirdamcavi

StormSemarbilebeli hidroteqnikuri nagebobis bmuli kompleqsis varianti,
romelic gankuTvnilia zRvis sanapiro-rekreaciuli zolisa da Ria portebis
Stormuli talRebisagan dasacavad. Sesabamisad damuSavebuli inovaciuri
proeqti garkvul qmedunarianobasa da sicocxlisunarianobas SesZens
zRvispira qalaqebSi saerTaSoriso daniSnulebis Ria navsadgurebis da
sanapiro-rekreaciuli zolebis sareabilitacio-sivrciT perspeqtiul
mSeneblobas. agreTve am obieqtebze ekologiur-prevenciuli rekomendaciebis
SemuSavebas (Stormis pirobebSi saniaRvre kanalizaciis Seuferxebeli
funqcionireba, damsvenebelTa rekreaciul-komfortuli donis amaRleba da
a.S.), rac dRes gansakuTrebiT aqtualuri da droulia. amasTan, pirvel rigSi,
mizanSewonili iqneba q.baTumis bulvaris mimdebare sanapiro-rekreaciuli
sakurorto zolis SerCeviT monakveTze sapilote-sacdeli inovaciuri

proeqtis ganxorcieleba.
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tradiciuli mewyersawinaaRmdego sayrdeni kedlebis
optimaluri teqnologiuri gadawyveta.

S. baqaniZe , b. surgulaZe, k. iaSvili
(saqarTvelos teqnikuri universiteti, kostavas q, #77, 0175, Tbilisi,

saqarTvelo).
reziume: ganxilulia tradiciuli mewyersawinaaRmdego sayrdeni
kedlebis ramdenime tipi. maTi konstruqciuli gaangariSebis Sedegebis
safuZvelze Sesrulebulia teqnikur-ekonomikuri maxasiaTeblebis
gaangariSeba. gamovlenilia optimaluri teqnologiuri gadawyveta.
sakvanZo sityvebi: mewyeri, sayrdeni kedeli, konstruqciuli gadawyveta,
teqnikur-ekonomikuri maxasiaTeblebi, optimaluri teqnologiuri
gadawyveta.

1. Sesavali
cnobilia, rom bunebrivi kalTebis mewyeruli movlenebis prevenciis

erT-erT saSualebas warmoadgenen sayrdeni kedlebi, romlebic SesaZloa
Sediodnen mewyersawinaaRmdego RonisZiebaTa kompleqsSi (gruntidan wylis
madrenirebeli mowyobiloba, ximinjebi, gruntuli ankerebi da sxv. ), an
muSaobdnen damoukideblad.

sayrdeni kedlis konstruqciuli da teqnologiuri gadawyveta
damokidebulia mraval faqtorze (gruntis saxeoba, misi wyliT gajirjvlis
xarisxi, kedlis masala, simaRle, daxra da sxva), amitom misi saboloo,
xelsayreli konstruqciuli gadawyvetis SerCeva xdeba gadawyvetaTa SesaZlo
variantebis erTmaneTTan teqnikur-ekonomikuri Sedarebis safuZvelze. naSromSi
ganxilulia sayrdeni kedlebis sami tipi: masiuri betonis, vertikaluri;
masiuri betonis, daxrili da monoliTuri rkinabetonis.

radgan bunebrivi kalTebis mewyeruli movlenebis warmoqmnis erT-erT
ZiriTad mizezs warmoadgens gruntis gajirjvla zedapiruli wylebiT,
gaangariSebisas miRebulia SedarebiT rTuli gruntuli pirobebi, kerZod-
wyalnajeri Tixnari, romelic xSirad gvxvdeba saqarTvelos mewyerul
regionebSi.

gaangariSebas, rogorc wesi, awarmoeben sayrdeni kedlis 1 grZivi
metrisaTvis.

2. ZiriTadi nawili
gaangariSebisas miRebulia Semdegi sawyisi monacemebi:

gruntis tipi-wyalnajeri Tixnari; Canayari gruntis daxris kuTxe α=15°;
kedlis simaRle – 6 m; daxrili masiuri kedlis daxra i=0.1

I. kedelze gruntis dawnevis gaangariSeba
cnobilia, rom wyalnajeri gruntebis SemTxvevaSi gruntis da wylis

jamuri dawneva kedelze ganisazRvreba formuliT [1,2]

;5.0)(5,0 2
0

2
20 HhaEEE  wg

sadac: Eg- gruntis dawneva kedelze; Ew- wylis dawneva kedelze;
γ- gruntis moculobiTi wona; γ0 - wylis moculobiTi wona;

α – gruntis moculobis erTeulis nawilakebze xvedriTi wili
(miiReba 0.55÷0.7)
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m05,2e

H – sayrdeni kedlis simaRle; h2 –gasamagrebeli gruntis simaRle
(rodesac grunti Setivtivebulia wyalSi, h2=H);

μ- koeficienti, romelic damokidebulia gansaxilveli gruntis Siga
xaxunis kuTxeze (φ), Canayari gruntis zedapiris daxris kuTxeze (α),
vertikalidan sayrdeni kedlis ukana sibrtyis gadaxris kuTxeze (ß). Cveni
magaliTis SemTxvevaSi zemoT aRniSnuli sidideebi tolia: γ=1.55 t/m3- mSrali
TixnarisaTvis, γ=1.9 t/m3-wyalnajeri TixnarisTvis; γ0=1.0 t/m3, α=0.62; H=6 m; h2=6 m;
ϻ=0.55; φ=23°; α=15°; datvirTva Canayari gruntis zedapirze g=0.5 t/m2 (nax 1).

nax.1. sayrden kedelze gruntis dawnevis gaangariSebisaTvis.

t.w 18615,05, 22  HoE  55,0a

;0,1055,0)26,026(6)162,055,1(5,0 tg E

twg 0,280,180,10  EEE t0,28E

Zabvebis epiurisaTvis:

t/m;19,3
26,06

0,102
1 




q t/m;13,0
26,06

26,0
19,32 


q

mw 078,2039,12
13,019,3

13,0219,3

3

6





e

pirobiTad:
2. sayrdeni kedlebis gaangariSeba
sayrden kedelze gruntis miRebul dawnevaze gaangariSebis Sedegad

gansaxilveli sayrdeni kedlebis geometriuli maxasiaTeblebi (TviT
gaangariSeba statiaSi ar mogvaqvs, radgan igi sayovelTaod cnobilia) [3]

motanilia  qvemoT, naxazebze:

N

nax.2 – betonis masiuri nax. 3 – betonis masiuri
vertikaluri sayrdeni kedeli daxrili sayrdeni kedeli
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nax. 4 – monoliTuri rkinabetonis nax. 5 – monoliTuri rkinabetonis
sayrdeni kedlis saangariSo sqema sayrdeni kedlis mRunavi momentebis epiura

6. monoliTuri rkinabetonis sayrdeni kedlis daarmatureba.
cxrili-1. armturis specifikacia

armaturis specifikacia armaturis amokreba

poz

# eskizi

ф
მმ

l

sმ

n
ცალი

nxl

მ

ф
მმ

∑ nxl

მ

q კგ

A-I A-III

1 2 3 4 5 6 7 8 9 10

1 7700

250

28AIII 795 50 397,5 28AIII 600,1

–

2898

2 5100

250

28AIII 535 25 133,8 25AIII 445,0 _ 1713

3 2500

250

28AIII 275 25 68,8 12AIII 1355,0 – 1206

4 7700

250

12AIII 795 100 795,0 10AIII 2755,0 – 1708
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5 5600 12AIII 560 100 560,0 8AI 450,0 178 –

6 1750 10AIII 175 100 175,0 jami 178 7525

7 4450 25AIII 445 100 445,0 sul             7703

8 daiWras

adgilze

10AIII ___ ___ 2580 Vb =54,8 m3

B-20

9 cvalebadi 8AI saS=60 750 450,0

3. teqnikur=ekonomikuri maxasiaTeblebis  gaangariSeba [4]
masalebis xarji gansaxilveli sayrdeni kedlebis 10 grZiv metrze

mocemulia cxrilSi 2. Bbetonis klasi miRebulia: masiuri sayrdeni
kedlebisaTvis-B 7,5, monoluTuri rkinabetonisaTvis-B20. sayrdeni kedlebis
teqnikur-ekonomikuri maCveneblebi mocemulia cxrilSi 3;

cxr. 2. Mmasalebis xarji sayrdeni kedlebis 10 grZ. metrisaTvis

sayrdeni kedlis tipi betonis klasi

Mmasalebis xarji kedlis 10 grZ. m.

Bbetoni, m3
armatura, k.g

A-I A-III

betonis masiuri, vertik.
B 7,5 326.7 - -

betonis masiuri,
daxrili

B 7,5
314

- -

monoliT. rkinabetoni B 20
54.8

178 7525

cxr. 3. sayrdeni kedlebis teqnikur-ekonomikuri maCveneblebi

sayrdeni
kedlis tipi

masalebis Rirebuleba, lari
samuS-aoTa
Sromat.
(kac.sT)

xelfasi,
lari

ke
d
l
is

 s
r
u
l
i

R
ir

eb
u
l
eb

a.
 (
l
ar

i)
betoni

armatura

ma
s
al

eb
is

s
ae
r
T
o

R
ir

eb
u
l
eb

a

er
T
. 
(1
00
m3
)

s
u
l

er
T
.

s
u
lA-I A-III

1 m3 sul

1 
t

s
u
l

1 
t

s
u
l

Masiuri,
vertikal-uri 95

31
03
7

| | | |

31
03
7

28
1

91
8

3.
5

32
13

34
25
0

Masiuri,daxri
li 95

29
83
0

| | | |

29
83
0

28
1

88
2

3.
5

30
87

32
91
7

monol.
rkinabetoni 11

0

60
28

13
00

23
1

13
10

98
58

16
11
7

46
4

25
4

3.
5

88
9

17
00
6

sayrdeni kedlebis ganxiluli tipebidan ufro xelsayrelis
gamosvlenad erT-erTi maTganis (mag. vertikaluri masiuri kedlis) teqnikur-
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ekonomikuri maCveneblebi miviCnioT sabazod (anu miviRoT 100 %-is tolad) da
mas SevadaroT danarCeni kedlebis analogiuri maCveneblebi

cxr. 4. sayrdeni kedlebis teqnikur-ekonomikuri maCveneblebis
urTierTSedareba

kedlis tipi

maCveneblebis %-uli
Tanafardoba sxvaoba %-Si

gasaS.
sxvaoba
%-Si

Sromat.
sruli

Rirebuleba Sromatevad. Rirebuleba

masiuri, vertik. 100 100 - - -

masiuri, daxrili 96 96 4 4 4

monoliT.
rkinabetoni

28 50 72 50 61

D3. daskvna

ganxiluli tradiciuli sayrdeni kedlebidan rkinabetonis
monoliTuri kedlebis upiratesoba masiur betonis kedlebTan mimarTebaSi
teqnikur-ekonomikuri maCveneblebis mixedviT udavoa.
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Tbilisi, `teqnikuri universiteti~, 2013, gv. 115.
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garemo haeris gamoyeneba SenobaTa gasaTbobad

m. grZeliSvili, o. giorgobiani, a. kopaliani
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia SenobaTa gaTbobis, cxelwyalmomaragebis da
haeris kondicirebis sistemebSi wiaRiseul saTbobze momuSave
Tbogeneratorebis haeris Tburi tumboebiT Canacvlebis sakiTxi. es
danadgarebi pirvelad siTbos wyarod iyeneben garemo haers
+10-20C temperaturul farglebSi da efeqturad aTboben Senobas
usafrTxoebis da ekologiuri maxasiaTeblebis maRali maCveneblebiT.
haeris Tburi tumboebi SeiZleba gamoyenebul iqnas nebismieri moculobis
SenobebSi, advilia maTi montaJi da momsaxureba.
bunebriv gazze momuSave Tbogeneratorebis Tburi tumboebiT Canacvleba
gaaumjobesebs ra garemos ekologiur mdgomareobas uzunvelyofs
momxmarebelTa energodamoukideblobas, xolo iseT regionebSi sadac
bunebrivi gazi ar aris miyvanili gamoiricxeba SeSiT an sxva saTbobiT
momxmarebelTa uzrunvelyofis sakiTxi.
sakvanZo sityvebi: gaTboba, haeris kondicireba, Tburi tumbo, cxeli wyali,
mSenebloba, montaJi, bunebrivi gazi, ekologia.

1. Sesavali
qveyanaSi gamomuSavebuli energiis yvelaze didi wili, daaxloebiT 42%,

modis Senoba-nagebobebze. aqedan 87%-s moixmars gaTbobisa da

cxelwyalmomaragebis sistemebi, xolo ganaTebisaTvis saWiroa (12)%, danarCen
12%-s moixmars sayofacxovrebo xelsawyoebi bunebrivi gazisa da
eleqtroenergiis saxiT. saqarTveloSi iseve, rogorc msoflios mraval
qveyanaSi SenobaTa gaTboba wiaRiseuli saTbobis xarjze mimdinareobs, amitom
Senoba-nagebobebi ekologiuri TvalsazrisiT iTvlebian garemos
damabinZurebel ZiriTad wyaroebad. wiaRiseuli saTbobis dawvis Sedegad
garemoSi gaifrqveva milionobiT tona sasaTbure (CO2) da momwamvlel (CO da
NOx) gazebi. aqedan gamomdinare samSeneblo dargis specialistebis
gadaudebeli amocanaa SenobaTa gaTbobisa da cxelwyalmomaragebis sistemebSi
wiaRiseuli saTbobis energiis alternatiuli energiiT Canacvleba.

2. ZiriTadi nawili
alternatiuli energiebidan yvelaze ufro xelmisawvdomi da

gamosayenebelia Cvens irgvliv uxvad myofi ganaxlebadi energia
dabalpotenciuri Tburi energo wyaroebis (grunti, haeri, wyali) saxiT. am
Tburi wyaroebidan yvelaze ufro iafi da xelmisawvdomia garemo haeri. garemo
haerSi wlis ganmavlobaSi grovdeba iseTi raodenobis siTbo, romelsac minus

25C temperaturis drosac ki SeuZlia Senobebis gaTbobis da
cxelwyalmomaragebis sistemebis saTanado energiiT uzrunvelyofa
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dabalpotenciuri Tburi wyarodan anu gare haeridan siTbos energia da misi
gadatana gaTbobis sistemaSi specialuri mowyobilobis, Tburi tumbos
meSveobiT xdeba da igi sxva araferia, Tu ara sayofacxovrebo kondicioneris
gare bloki.
1 naxazze naCvenebia Tburi tumbos gaTbobis sistemaSi CarTvis sqema. Tburi
tumbo SeiZleba iyos monoblokis saxiT rodesac misi ZiriTadi nawilebi
(amaorTqlebeli, kondesatori, kompresori, sareduqcio sarqveli)
ganlagebulia erT blokSi, an gancalkevebuli, romelic Sida da gare
blokebisagan Sedgeba. amrigad saxlis (binis) gasaTbobad sakmarisia am blokis
(blokebis) dadgma. haeris miwodebis uzrunvelyofa da maTTan eleqtroenergiis
miyvana. Tburi tumbo yovel miwodebul 1 kvt. sT eleqtro energiaze mogvcems
4 kvt. sT Tbur energias.

nax. 1 “wyali-haeris” Tburi tumbo a – 15 kvt Tburi simZlavris Tburi tumbos
saerTo xedi da zomebi, b – Tburi tumbos gaTbobis sistemaSi CarTvis sqema: 1
– Tburi tumbo; 2 – gaTbobis sistema; 3 – moculobiTi wyalgamacxelebeli; 4 –

hidromoduli; 5 – sacirkulacio tumbo; 6 – samsvliani ventili.
im SemTxvevaSi Tu cxeli wylis momzadebac gvWirdeba Tburi tumbodan

gamomavali meoradi konturis mili uerTdeba wyalgamacxelebels, romelic
gaacxelebs  wyalsadenidan Semosul civ wyals. Tburi tumbos upiratesoba
kidev isaa, rom Tburtumbovani gaTbobis sistema zafxulSi SegviZlia
gamoviyenoT haer+is kondicirebis mizniT.

Tburi tumbos ZiriTadi maxasiaTebeli parametria misi simZlavris anu
gardaqmnis koeficienti, romelic Tburi tumbos mier gamomuSavebuli Tburi
energiis fardobaa masze miwodebul eleqtroenergiasTan.

E

Q
 (1)

nax.2-ze naCvenebia “haeri-wylis” Tburi tumboebis simZlavris sidideebi da

gardaqmnis koeficientebis mniSvnelobebi gare haeris -20C-dan +35C-mde
temperaturis dros, am temperaturuli diapazonisaTvis Tburi tumbos

mwarmoebloba anu simZlavre icvleba 525 kvt farglebSi. rogorc 2.a

naxazidan Cans gare haeris -20C temperaturis dros Tburi tumbo gamoimuSavebs

a
b

3

1

4

2

5

6

5
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5 kvt energias, romelic savsebiT sakmarisia 170 kv.m. farTobis gasaTbobad
pasiur (saxlebSi), 100 kv.m. farTis gasaTbobad Tboizolirebul saxlebSi da
43 kv.m. farTis gasaTbobad Cveulebriv aguriT nageb saxlebSi.

nax. 2 haer-wylis Tburi tumbos: a – simZlavreebi; b – gardaqmnis
koeficientebi

nax. 2b grafiki gviCvenebs rom zemoT naxsenebi temperaturuli
diapazonisaTvis Tburi tumbos gardaqmnis koeficientebi 1,5-dan 5-mde icvleba.

saqarTvelos umTavresi regionebisaTvis, sadac saSualo dRe-Ramuri

temperatura +5C-ia simZlavris koeficienti 4-is tolia. aqedan gamomdinare
“haeri-wylis” Tburi tumbos gamoyeneba gamarTlebulia rogorc energetikulad
aseve ekonomikurad.

imisaTvis, rom SevafasoT Tburi tumbos gamoyenebis efeqturoba gazis
qvabTan SedarebiT, SeiZleba visargebloT Semdegi damokidebulebiT. gazsa da
eleqtroenergiis fasebis fiqsirebuli Tanafardobis dros arsebobs Tburi
tumbos gardaqmnis koeficientis, COP (coeficient perfomance)-is iseTi mniSvneloba,
romlis miRwevis drosac esqpluataciaSi Tburi tumbo ufro iafia vidre gazi.
es sidide damokidebulia agreTve gamoyenebuli gazis Tbounarianobaze.
sainJinro angariSebis dros es sidide 1 m3 gazisaTvis SeiZleba aviRoT 10
kvt.sT toli.

sami sidide: gazis Tbounarianoba, gardaqmnis koeficienti (COP) da maTi
Tanafardoba erTmaneTTan Semdegi utolobiTaa dakavSirebuli

g/e COP≥10                                   (2)
sadac g/e aris 1m3 gazis da 1 kvtsT eleqtroenergiis fasebis Tanafardoba.
dReisaTvis q. TbilisSi gazis fasia 0,456 lari, xolo 1kvt. sT

eleqtroenergiis 0,215l. maTi Tanafardoba 12,2
215,0
456,0
 maSin (2) utolobis

Tburi simZlavre
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Tanaxmad gardaqmnis koeficientis is minimaluri mniSvneloba, romlis drosac
Tburi tumbos gamoyeneba efeqturi iqneba

7,4
12,2

10
COP

evropis qveynebSi, aSS, iaponiasa da msoflios mraval qveyanaSi COP-is
aRniSnuli mniSvneloba 1,32,5–is farglebSia rac am qveynebSi gazis maRali da
eleqtroenergiis SedarebiT dabali fasiT aixsneba.

garda ekonomikuri upiratesobisa Tburi tumboebi gacilebiT maRali
ekologiuri maCveneblebiT xasiaTdebian. Tburi tumbos gamoyenebis SemTxvevaSi
garemoSi CO2-is gamoyofa (nax.3) mniSvnelovnad mcirdeba sxva saxis
TbogeneratorebTan SedarebiT.

nax. 3 CO2-is gamonabolqvebi gaTbobis sistemebis sxvadasxva
TbogeneratorebisaTvis

analizi gviCvenebs, rom Tu evropaSi mSenebare erTi mln saxli aRiWurveba
Tburi tumboTi, maSin CO2-is gamonabolqvi yovelwliurad 3600000 toniT
Semcirdeba.

msoflios mraval qveyanaSi Tburi tumboebis farTo danergvam dagarwmuna
maTi maRali donis ekologiurobaSi, efeqturobasa da usafrTxoebaSi.
dagegmilia, rom 2020 wlisaTvis evropis qveynebis SenobaTa 75% aRiWurvos
gaTbobis da haeris kondicirebis Tburtumbovani sistemebiT.

haeris Tburi tumboebis gamoyenebis da haeris kondicirebis dros
gansakuTrebiT mniSvnelovania SenobaTa Tburi datvirTvebis minimumamde
dayvana. SenobaTa Tburi datvirTvebi unda ganisazRvrebodes qvemoT moyvanili
monacemebis Sesabamis pasiuri saxli – q=0,03 vt/m2 Tboizolirebuli saxlebi –
EnEE normebiT – q=0,05 vt/m2

SenobaTa normaluri Tboizolacia (1980 wlis Semdeg aSenebuli saxlebi) –
q=0,08 vt/m2 Zveli, aguris Senobebi Tboizolaciis gareSe - – q=0,12 vt/m2

Rumeli gazisqvabi Txevadi
saTbobis qvabi

Tburi tumbo

C
O

2k
g
/k
vt

s
T
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axali mSeneblobis da Zvelis modernizaciis dros saWiroa iseTi
SemomzRudi konstruqciebis mowyoba, romelTa Tbofiziuri maxasiTeblebi
aRniSnul moTxovnas daakmayofileben.

3. daskvna
gare haeri warmoadgens SenobaTa TbomomaragebisaTvis saWiro uzomo

raodenobis dabalpotenciur ganaxlebad energowyaros. misi gamoyeneba da
farTod danergva mSeneblobaSi dazogavs ra milionobiT tona pirobiT
saTbobs mkveTrad gaaumjobesebs garemos ekologiur mdgomareobas da
Seamcirebs SenobaTa TbomomaragebasTan dakavSirebul xarjebs.

radgan haeri Cvens irgvliv uzomo raodenobiTaa da advilad
xelmisawvdomia misi gamoyenebiT SesaZlebelia nebismieri moculobis Senobis
Tburi moTxovnilebis dakmayofileba da Sesabamisad maTi
energodamoukideblobis uzrunvelyofa.
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rogor gavaxangrZlivoT rkinabetonis elementebisagan
agebuli Senoba-nagebobebis bzarmedegoba da saeqspluatacio

vadebi

l. kaxiani, l. balanCivaZe, k. iaSvili

(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilis,
kostavas 77)

reziume: statiaSi ganxlilulia rkinabetonis konstruqciebisagan agebuli
Senoba-nagebobebis bzarmedegoba da xangamZleobis mecnieruli
kvlevebisSedegebi. maTi gamoyenebis meTodebi da Senobebis usafrTxoe
qspluataciis sakiTxebi.
sakvanZo sityvebi: Senobebi, rkinabetoniskonstruqciebi, saZirkvlebi,
bzarebi, deformacia, jdena, CaRunva.

1. Sesavali

betoni da rkinabetoni warmoadgens erTerT ZiriTad samSeneblo
masalas Tanamedrove mSeneblobaSi da rogorc irkveva SeinarCunebs
prioritets momavalSic.

msoflioSi mosaxleobis swrafma zrdam gamoiwvia mSeneblobis
tempebis zrda, rac iwvevs axali masalebis, teqnologiebis gamoyenebis
aucileblobas.

betonis ZiriTadi upiratesoba, rogorc konstruqciuebis samSeneblo
masalis, kargad aris cnobili; betoni aris iafi samSemeblo masala,
romlis Semadgeneli elementebi bunebriv pirobebSi mravlad moipoveba,
aseve gamoyenebulia samrewvelo obieqtebis narCenebi. betonis maRali
simtkice da amtanoba sxvadasxva saxis zemoqmedebaze – Zalur, atmosferul,
agresiul, maT Soris radiaciaze, Seucvlel samSeneblo masalad
ganixileba.

rogorc cnobilia betoni cudad ewinaaRmdegeba gaWimvas, aqvs dabali
winaRoba gaWimvaze SedarebiT kumSvis winaRobasTan.

2. ZiriTadi nawili
rogorc SesavalSi iyo aRniSnuli rkinabetoni konstruqciebis ZiriTadi

Semadgeneli samSeni masala betonia, romelic xasiaTdeba maRali simtkiciT
kumSvaze da dabali simtkiciT gaWimvaze. betons gamyarebisas uCndeba
jdenis bzarebi, romelic dakavSirebulia tenianobis SemcirebasTan, aseve
datvirTviT gamowveuli normaluri da Zvris bzarebi.

betonis jdena konstruqciisaTvis an mis romelime nawilisaTvis saSiSia
ara marto geometriuli zomebis Secvlis gamo, aramed masSi warmoqmnili
gamWimi Zabvebis gamo, romelic xSirad iwveven gamWol da zedapirul
bzarebs.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(39), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

32

tradiciuli gziT jdenis bzarebis gaCenis Semcireba SeiZleba wylis
raodenobis SemcirebiT, romelic miRweulia sxvadasxva qimiuri danamatebis
gamoyenebiT, Semkvrelis SemcirebiT da Semavsebeli masalis fraqciis
SemcirebiT. Ddanamatebis raodenoba (aluminatebi) xels uwyoben betonis
jdenis deformacias.

jdenis bzarebis da deformaciis Sesamcireblad v. mixailovis [1]
Sromebis mixedviT eqsperimentalurad dadgenilia, rom gamafarToebuli
elementis gamoyeneba xels uSlis jdenis bzarebs da deformacias.Aseve
karg Sedegs iZleva damZabavi cementebis gamoyeneba. v. mixailovis cdebis
mixedviT irkveva, rom aseT SemTxvevaSi gamyarebis dros izrdeba betonis
moculoba, romelic ewinaaRmdegeba jdenis bzarebisw armoqmnas.

praqtikulad am procesis ganxorcieleba SesaZlebelia specialuri
qimiuri danamatebis gamoyenebiT uSualod cementis damzadebisas an betonis
damamzadebel kvanZSi.

mravali mkvlevaris Teoriul-eqsperimentuli kvlevebi mimarTuli iyo
iseTi Semkvrelis Sesaqmnelad, romlis gamoyeneba betonSi ara mxolod
daaregulirebda jdenis bzarebs da deformacias, aramed gamyarebis
dasawyis fazaSi SesaZlebeli gaxdeboda mTliani masis moculobiTi
gafarToeba, rac realurad SesaZlebeli gaxda
hidrosulfoaluminatkalciis (etringiti) aRmoCeniT, romelsac mogvianebiT
“cementis bacila” ewoda. kvlevebi am mimarTulebiT dRemde grZeldeba.

1953 wels cnobili frangi mkvlevari i. giioniTavis monografiaSi
werda, Tu miRweuli iqneba gamafarToebeli elementis gamoyenebiT betonis
mniSvnelovani gafarToeba, miviRebT sasurvel Sedegebs jdenisa da
deformaciis bzarebis ugulvebelsayofad.

jdenis bzarebisagan gansaTavisuflebel rkinabetonis didmalian
konstruqcias miekuTvneba maRlivi karkasuli Senobebis qveS mdebare
saZirkvlis fila, romelic mudmuivad ganicdis gruntis wylebis
zemoqmedebas, romelic Tbilisis yvela raionSi uxvad aris warmodegenili.

jdenis bzarebis ar arsebobis SemTxvevaSi betonis simtkice mkveTrad
izrdeba, aseve izrdeba eqspluataciis vadebi.

MsaZirkvlis filaSi mtkice, ubzaro betonisaTvis saWiroa ar iqneba
hidroizolacia, romelic Senobebis agebisas yvela saZirkvels Wirdeba da
Tanxis didi nawilia gamoyofili; miRebulma ekonomiam SeiZleba (10÷15)%
gadaaWarbos.

Zalian mZime mdgomareobaSi arian saxuravis rkinabetonis filebi. isini
garda jdenis, normaluri da ganivi Zvris bzarebis arsebobisa, ganicdian
temperaturul, atmosferul da sxva zemoqmedebas, romelic Zlier azianebs
rogorc betons aseve armaturas, bzarebis datenianeba zamTris pirobebSi
iwvevs gayinvas, rac iwvevs betonis kveTis nawilebad dayofas.

albaT Zneli gasagebi ar aris betonis da rkinabetonis bzarmedegobis
uzrunvelyofis mniSvneloba, arsebuli gaangariSebebis srulyofa
rkinabetonis rRvevis meqanikis meTodebis gamoyenebiT.
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Aarsebul normebSi, romelic memkvidreobiT gadmogveca yofili sabWoTa
kavSiridan, rRvevis meqanikis meTodebi gaTvaliswinebuli ar aris.
daamyproeqteblebi dResac Semoifarglebian saimedoobis koeficientis
gazrdiT, rac ver pasuxobs bzarmedegobis moTxovnebs, Cvenis azriT
arasworia.

mravali eqsperimentuli kvlevebis Sedegad cnobilia, rom rkinabetonis
elementebis bzarmedegobazea damokidebuli nagebobebis usafrTxo
eqspluatacia da xanmedegoba.

saxuravis filebis bzarmedegobis amaRleba, ise rogorc saZirkvlis
filis gamoricxavs wyalsaizolacio fenis mowyobas, romelzedac sakmao
raodenobis dafinansebaa gamoyofili.

D3. daskvna

Tu gvinda usafrTxo Senoba-nagebobebi, aucilebelia:
1) proeqtirebis stadia Siga angariSebebSi unda iqnas gaTvaliswinebuli

rkinabetonis rRvevis meqanikis meTodebi;
2) uzrunvelyofili iqnas betonis maRali simtkice kumSvasa da gaWimvaze,

axali masalebisa da teqnologiebis gamoyenebis da danergviT.
3) farTod unda dainergos gamfarToebeli cementebis gamoyeneba

rkinabetonis da betonis konstruqciebis damzadebisas.
4) sasurvelia rkinabetonis didmalian konstruqciebSi gamoviyenoT

winaswari daZabva, romelic mkveTrad adidebs konstruqciis sixistes,
bzarmedegobas, maRali simtkicis masalebis gamoyeneba amcirebs
armaturis xarjs.

Aai, saidan unda daviwyoT Senobebis Rirebulebis Semcireba
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Tbilisis gamwvanebisa  da rekreaciuli landSaftebis
dacva–ganviTarebis sakanonmdeblo baza

a. laRiZe
(saqarTvelos teqnikuri universiteti, kostavas q, #77, 0175, Tbilisi,

saqarTvelo).
reziume: statiaSi ganxilulia Tbilisis qalaqTmSeneblobiTi ganviTarebis
procesi sarekreacio landSaftis Tu saparko infrastruqturis ganviTarebis
kuTxiT da dReisTvis arsebuli sakanonmdeblo baza: kanonebis da maTi
kanonqvemdebare normatiuli aqtebis zogadi xasiaTis norma-principebi.
sakvanZo sityvebi: landSafti, gamwvaneba, qalaqgegmareba, Tbilisis gengegma,
sakanonmdeblo baza.

1. Sesavali
mwvane mSeneblobis sakanonmdeblo-normatiul bazas safuZveli Caeyara

sabWoTa periodSi. ruseTis imperiaSi momxdari revoluciis Semdgom periodSi,
saqarTveloSi sabWoTa reJimis damyarebis periodSi Seiqmna dedaqalaqis
perspeqtiuli ganviTarebis kompleqsuri generaluri gegma. risi ganaxlebac
xdeboda yovel 25 weliwadSi, proeqtis realizaciis gaanalizebis safuZvelze,
axali socialur-ekonomikuri, sanitarul-higienuri, teqnikuri progresis,
strategiuli moTxovnebis da pirobebis gaTvaliswinebiT.

2. ZiriTad nawili
1932-1934ww. Sedga qalaqis istoriaSi pirveli generaluri gegma, romelic

agrZelebs qalaqis xazovani ganviTarebis tendenciebs: qalaqi dagegmarebulia md.
mtkvrisgaswvriv,ganivi SesvlebiT xeobaSi, xelsayreli teritoriebis aTvisebiT
da mdinareze ormxrivi ganaSenianebis mZlavri kavSirebiT. gengegmaze moniSnulia:
“Tbilisis zRva” da ganviTarebulia rekriaciuli zoniT, qalaqis sxva funqciuri
zonebi. qalaqis gamwvanebas gansakuTrebuli adgili daeTmo Tbilisis meore
generalur gegmaSi (1954w.). qalaqTmSeneblobaSi Catarda mniSvnelovani
RonisZiebebi.

1971 wels damtkicda Tbilisis mesame generaluri gegma (1980-2000
wlebisaTvis), romelic wina generaluri gegmebisagan gansxvavebiT,
iTvaliswinebda:

qalaqis teritoriul zrdas aramarto sigrZiv, mdinaris gaswvriv,
aramedganivadac - CrdiloeT-aRmosavleTiT, "Tbilisis zRvis" garSemo. axleburi
xedva iyo gaTvaliswinebuli Tbilisis centrisTvis - tradiciul grZiv RerZs
(rusTavelisa da aRmaSeneblis prospeqtebi, sanapiroebi) emateboda.

Tbilisis pirobebSi aseTi grZivi da ganivi quCebis qselis Seqmnam
SesaZlebeli gaxada mniSvnelovnad gaumjobesebuliyo qalaqis ganiaveba da
satransporto kaSirebi. am wlebSi grZeldeboda saparko masivebis Seqmnis
mniSvnelovani samuSaoebi:q. Tbilisis Tavdapirveli ganaSenianebis dagegmarebaSi
asaxuli iyo landSafturi da bunebriv-klimaturi pirobebis Taviseburebebi.
mTebisa da xeobebis ferdobebis safexurovani ganaSenianeba iZleoda dadebiT
Sedegebs aeraciis TvalsazrisiT. Zveli qalaqis gegmarebaSi asaxuli iyo rogorc
landSaftis da klimatis xasiaTi, aseve qarTvelTa yofacxovrebis erovnuli
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Taviseburebebi. qalaqis sacxovrebel kvartalebSi, sadac mcire iyo gamwvanebuli
farTobebi, ekologiuri wonasworoba myardeboda didi baRebisa da qalaqis
irgvliv vrceli gamwvanebuli teritoriebis arsebobiT.

miuxedavaT sabWoTa periodis Tbilisis gamwvanebisa da keTilmowyobis
mimarTulebiT garkveuli miRwevebisa, komunisturma sistemam Zalian bevri
landSafturad gaumarTavi ubnebi da mZime Secdomebi dauSva Tbilisis
qalaqgegmarebiTi da landSaftur-rekreaciuli sakiTxebis gadawyvetisas.

Secdoma iyo, is, rom:
Tbilisis dasavleTiT da aRmosavleTiT arsebuli sasoflo teritoriebis

(diRmis, gldanis, varkeTilis da a.S) gamwvanebuli sasoflo –sameurneo savargulebi
STanTqa uzarmazarma da sruliad usaxo sacxovrebelma rigebma. isedac, Zalze
mciremiwian saqarTvelos daaklda aTasobiT heqtari sasoflo sameurneo
teritoriebi, riTac didi ekonomiuri, ekologiuri da a.S. zarali moutana qveyanas.

garda amisa:
qalaqis quCebisa da moednebis gamwvaneba xdeboda ara landSaftis dizainis

principebisa da meTodebis gamoyenebiT, aramed, quCebsa da prospeqtebze xeebis
mwkrivebad ganlagebiT. aseve dabali iyo baRebisa da parkebis mxatrul-kompoziciuri
gadawyveta da mcire arqiteqturuli formebis xarisxi.

aRsaniSnavia, rom saqarTveloSi pirveli saxelmwifo garemosdacviTiorgano
– bunebis dacvis saxelmwifo komiteti jer kidev 1975 wels Seiqmna.

misi ZiriTadi funqcia iyo bunebis dacvis sferoSi saxelmwifo kontrolis
ganxorcieleba da dargTaSorisi koordinacia. regionebSi analogiuri samuSaoebis
Catarebis mizniT, iqmneboda zonaluri inspeqciebi da hidro qimiuri laboratoriebi.

1989 wels gaizarda ra samsaxuris roli garemosdacviT saqmianobaSi, samsaxurs
Seecvala statusi da misi saxelwodeba Camoyalibda rogorc q. Tbilisis
meriisgaremos dacvisa da bunebrivi resursebis regulirebis komiteti.

mwvane mSeneblobis sakanonmdeblo-normatiuli baza postsabWoTa
saqarTveloSi 90–ian wlebSi sustad viTardeboda. dRemde faqtiurad ar
Camoyalibebula axali socialur-ekonomikuri formaciebi. kanonmdeblobis ar qona
da sxva mizezebi xels uwyobs Tbilisis baRebis ganadgurebasa da am monakveTebze
qalaqis ganaSenianebis ganTavsebas.

qalaqTmSeneblobiTi ganviTarebis procesi sarekreacio landSaftis Tu saparko
infrastruqturis ganviTarebis kuTxiT regulirdeba bunebis dacvis saministros
mier gamocemuli kanonebiT, romlebic aregulireben qalaqTmSeneblobiT saqmianobas
ekologiuri faqtorebis gaTvaliswinebiT.

am kanonebs Soris unda gamoiyos 1996 wlis 10 dekembers miRebuli N 519‐Is kanoni
„garemos dacvis Sesaxeb“, romelic aregulirebs samarTlebriv urTierTobebs
saxelmwifo xelisuflebis organoebsa da fizikur da iuridiul (sakuTrebisa
daorganizaciullsamarTlebrivi formis ganurCevlad) pirebs Soris garemos dacvisa
da bunebaTsargeblobis sferoSi (Semdgom "garemos dacvaSi") saqarTvelos mTel
teritoriaze misi teritoriuli wylebis, sahaero sivrcis, kontinenturi Selfisa da
gansakuTrebuli ekonomikuri zonis CaTvliT.

kanonis ZiriTadi miznebia:
a) ganisazRvros garemos dacvis sferoSi samarTlebriv urTierTobaTa principebi da

normebi;
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b) daicvas garemos dacvis sferoSi saqarTvelos konstituciiT dadgenili adamianis
ZiriTadi uflebebi - cxovrobdes janmrTelobisaTvis uvnebel garemoSi da
sargeblobdes bunebrivi da kulturuli garemoTi;
g) uzrunvelyos saxelmwifos mier garemos dacva da racionaluri

bunebaTsargebloba, adamianis janmrTelobisaTvis usafrTxo garemo sazogadoebis
ekologiuri da ekonomikuri interesebis Sesabamisad da axlandeli da momavali
Taobebis interesebis gaTvaliswinebiT;
g)miaRwios qveynisTvis damaxasiaTebeli florisa da faunis iSviaTi, endemuri,

gadaSenebis safrTxis winaSe myofi saxeobebis SenarCunebas, zRvis garemos dacvas da
ekologiuri wonasworobis uzrunvelyofas; (06.06.2003. N2383).
d) SeinarCunos da daicvas TviTmyofadi landSaftebi da ekosistemebi;
e) samarTlebrivad uzrunvelyos garemos dacvis sferoSi saerTo globaluri da

regionaluri problemebis gadaWra;
v) daicvas da SeinarCunos adamianis janmrTelobisaTvis uvnebeli (usafrTxo)

garemo:
z) samarTlebrivad uzrunvelyos garemos mavne zemoqmedebisagan dacva;
T) samarTlebrivad - uzrunvelyos garemos xarisxobrivi mdgomareobis SenarCuneba

da gaumjobeseba;
i) uzrunvelyos sazogadoebis ekologiuri, ekonomikuri da socialuri interesebis

optimaluri urTierTSeTanawyoba (harmoniuli Sexameba);
k) samarTlebrivad uzrunvelyos bunebrivi resursebiT sargeblobis
marTva garemos potenciuri SesaZleblobebisa da mdgradi ganviTrebis principebis

gaTvaliswinebiT.
ekologiuri garemos dacvis sxva maregulirebel dokumentebs Soris unda

aRiniSnos -1999 wlis 22 ivniss miRebuli N 2116 - IIs kanoniatmosferuli haeris
dacvis Sesaxeb.

kanoni, romelic dakavSirebulia Tbilisis ekologiur dacvasTan
warmodgenilia 2000 wlis 10 noembers miRebuli N 594 - Is qalaq Tbilisis
sazRvrebSi da mimdebare teritoriaze arsebuli mwvane nargavebisa da saxelmwifo
tyis fondis gansakuTrebuli dacvis Sesaxeb. am kanonis Sesabamisad warmoebs q.
Tbilisis sazRvrebSi da mimdebare teritoriaze arsebuli saxelmwifo tyiT
sargeblobis regulacia da agreTve saxelmwifo tyis fondis miwebis gankargva. am
kanonebis cxovrebaSi gatarebisaTvis amoqmedebulia iseTi saxelmwifo uwyeba,
rogoricaa - saqarTvelos garemos dacvisa da bunebrivi resursebis saministros
saxelmwifo saqveuwyebo dawesebuleba – garemos dacvis inspeqcia.

aRniSnuli dawesebulebis saqmianobis sakononmdeblo baza warmodgenilia
garemos dacvis saxelmwifokontrolis Sesaxeb kanoniT. amave saministros aseve
davalebuli aqvs ekologiuri eqspertizis Sesruleba, romlis saqmianobis
regulacia warmoebs 2007 wlis 14 dekemberis N 5603 – s kanoniT ekologiuri
eqspertizis Sesaxeb.

ekologiuri eqspertizis ZiriTad principebs warmoadgenen:
a) saqmianobis potenciuri ekologiuri saSiSroebis riskis Sefaseba;
b) saqmianobis dawyebamde garemoze misi SesaZlo zegavlenis Sefasebis
kompleqsuroba;
g) garemosdacviT moTxovnaTa da garemos dacvis normebis gaTvaliswineba;
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d) eqspertTa uflebamosilebis SeuzRudavi ganxorcieleba;
e) ekologiuri eqspertizis daskvnis dasabuTebuloba da kanoniereba;
v) sazogadoebrivi interesis gaTvaliswineba.
2007 wlis 20 noembers.№5462– IIs gamoica kanoni – Tbilisis erovnuli parkis

Sesaxeb.
2007 wlis 22 noembers gamoica kanoni №5486_IIs daculi teritoriebis

statusis Sesaxeb, xolo 2013 wels gamoica kanoni bunebis Zeglebis Seqmnisa da
marTvis Sesaxeb. es kanonebi aregulirebs samarTlebriv urTierTobebs am kanoniT
gansazRvruli bunebis Zeglebissistemis Seqmnisa da marTvis sferoSi.

kavkasia, romlis Semadgeneli nawilic saqarTveloa, bunebis dacvis msoflio
fondis (WWF) 200globaluri ekoregionis nusxaSi Sedis.

biomravalferovnebis Sesaxeb konvencias saqarTvelo SeuerTda 1994 wels,
konstituciis miRebamde erTi wliT adre, ramac didi roli iTamaSa garemos
dacvasTan dakavSirebiT qveynismimarTebis gansazRvrasa da erovnuli
kanonmdeblobis CamoyalibebaSi. garda amisa, saqarTvelo mierTebulia araerT
mravalmxriv saerTaSoriso SeTanxmebas, romelTa miznebi da amocanebi
dakavSirebulia biomravalferovnebis konservaciasTan.

2005 wlis 19 Tebervlis N27 mTavrobis dadgenilebiT damtkicda saqarTvelos
biomravalferovnebis dacvis strategia da moqmedebaTa gegma. am dokumentSi
saqarTvelos biomravalferovnebis arsebuli mdgomareobis, problemebisa da
masze moqmedisafrTxeebis gaTvaliswinebiT gamoiyo cxra ZiriTadi sakiTxi:
daculi teritoriebi, saxeobebi da habitatebi, agrobiomravalferovneba, nadiroba
da meTevzeoba, biomravalferovnebis monitoringi, biusafrTxoeba,
garemosdacviTi ganaTleba, sazogadoebrivi cnobiereba da sazogadoebis
monawileoba, finansur-ekonomikuri programa, mdgradi satyeo meurneoba,
sakanonmdeblo aspeqtebi. TiToeuli am sakiTxisaTvis mocemulia aT welze
gaTvlili strategiuli miznebi da amocanebi da maTi SesrulebisaTvis saWiro
xuTwliani moqmedebaTa gegma.

2005 wlis 5 seqtembers q. Tbilisis garemos dacvisa da bunebrivi resursebis
regulirebis saqalaqo komiteti meriis sekvestrirebul samsaxurebis ricxvSi
aRmoCnda da gauqmda. Sesabamisi mandati ki saqarTvelos garemos dacvis
saministros gadaeca. igegmeboda garemos dacvis saministros Tbilisis
regionaluri departamentis Seqmna, Tumca jerjerobiT es ver ganxorcielda.

garemos dacvis sferoSi kontroli daevala saministros struqturas -
garemos dacvis inspeqcias, romelic Seiqmna specialuri kanonis safuZvelze
(saqarTvelos kanoni “garemos dacvis kontrolis Sesaxeb” 2005 w).

saqarTvelos arsebuli kanonmdeblobis Tanaxmad, daculi teritoriebi
saqarTveloSi iqmneba umniSvnelovanesi erovnuli memkvidreobis - unikaluri, iSviaTi
da damaxasiaTebeli ekosistemebis, mcenareTa da cxovelTa saxeobebis, bunebrivi
warmonaqmnebisa da kulturuli arealebis dasacavad da aRsadgenad, maTi samecniero,
saganmanaTleblo, rekreaciuli dabunebrivi resursebis damzogavi meurneobis
ganviTarebis mizniT gamoyenebis uzrunvelsayofad.

,,Tbilisis garemosdacviTi strategia 2015-2020" - dedaqalaqis erT-erTi
mniSvnelovani prioritetia. Tbilisis garemosdacviTi strategia qalaqis mdgradi
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ganviTarebis winapirobaa. dokumentis miReba qmediTi nabijia qalaqis ekologiuri
mdgomareobis gasaumjobeseblad. strategia qalaqis mdgradi ganviTarebis xedvas,
prioritetebsa da mimarTulebebs gansazRvravs, rac samomavlod TbiliselebisTvis
usafrTxo da jansaR sacxovrebel garemos uzrunvelyofs. dokumenti garemoze
uaryofiTi zegavlenis Semcirebas, garemos mdgomareobis gaumjobesebas da
sazogadoebrivi cnobierebis amaRlebas isaxavs miznad. strategia dedaqalaqis mwvane
safarisa da rekreaciuli zonebis pasportizaciasa da monacemTa erTiani
eleqtronuli bazis Seqmnasac iTvaliswinebs. Tbilisis meriis iniciativiT ukve
dawyebulia nargavebisa da rekreaciuli zonebis eleqtronuli aRweris procesi.
aRsaniSnavia, rom dedaqalaqis teritoriaze msgavsi aRwera 1987 wlis Semdeg ar
Catarebula. Tbilisis garemosdacviTi strategia rogorc samTavrobo, aseve
arasamTavro seqtoris warmomadgenlebis SeniSvnebisa da rekomendaciebis
gaTvaliswinebiT SemuSavda.

3. daskvna
amrigad, daskvnis saxiT SeiZleba Camoyalibdes Semdegi: 80-ianiwlebidan

dawyebuli degradaciis procesebis fonze droTa ganmavlobaSi mimdinareobda da
dResac grZeldeba tyeebis gaCexva, ukanono Tu kvazikanonieri mSeneblobebi, sawarmoo
narCenebiT teritoriebis dabinZureba. Cvens dedaqalaqSi bolo aTwleulebis
ganmavlobaSi ganviTarebulma movlenebma, mzardma urbanizaciam, qalaquri cxovrebis
daCqarebulma tempma, rasac emateba sazogadoebisa da saxelmwifo mmarTveli
organoebis uyuradReboba da indiferentuloba, gamoiwvia is uaryofiTi Sedegebi, rac
ase mZimed aisaxa Cveni saarsebo garemos degradaciaSi. arada, teritoriebis
gamwvanebas da maT restavracia-aRdgenas SeuZlia urbanuli landSaftis mTlianad
gardaqmna.

saqarTveloSi biomravalferovnebis dacvis sferoSi miRebulia Semdegi
kanonebi: ”garemos dacvis Sesaxeb”, ”daculi teritoriebis sistemis Sesaxeb”,
”cxovelTa samyaros Sesaxeb”, ”saqarTvelos ”wiTeli nusxisa” da ”wiTeli wignis”
Sesaxeb”, ”saqarTvelos tyis kodeqsi” da ”saqarTvelos wylis kodeqsi”. es kanonebi da
maTi kanonqvemdebare normatiuli aqtebi, wesiT, unda warmoadgenen, rogorc veluri
bunebis SenarCunebis, ise saerTaSoriso kanonebisa da saerTaSoriso samarTlis
moTxovnebis qveyanaSi danergvis meqanizms, Tumca unda aRiniSnos, rom arc erT kanons
ar gaaCnia organuli kanonis statusi. amis Sedegad, am normatiuli aqtis
umniSvnelovanesi muxlebi Zalas kargaven, modian ra winaaRmdegobaSi sxva Semdgom
miRebul normatiul dokumentebTan. faqtiurad, kanoni ar adgens qcevis konkretul
normebs – ZiriTadad igi moicavs zogadi xasiaTis norma-principebs, romelTagan
zogierTi urTierTsawinaaRmdegoa.
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xidiseburi nagebobis gaangariSeba betonis
cocvadobis deformaciebis gaTvaliswinebiT

r. cxvedaZe, z. maZaRua, d. tabataZe, d. janyaraSvili
(saqarTvelos teqnikuri universiteti, m. kostavas q. # 77,

0175, Tbilisi, saqarTvelo)

reziume: naSromSi warmodgenilia rkinabetonis xidiseburi nagebobebis
gaangariSeba Tanabradganawilebuli datvirTvis moqmedebaze betonis
cocvadobis deformaciebis gaTvaliswinebiT. ganixileba umartivesi
xidiseburi nageboba erTi Sualeduri burjiT. cocvadobis
deformaciebis gaTvaliswinebas vawarmoebT cocvadobis daZvelebis
Teoriis mixedviT, radganac rkinabetonis konstruqciebSi es Teoria
saukeTesod aris miCveuli datvirTvis momentSi konstruqciis saxe ar
aris Secvlili.
sakvanZo sityvebi: xidiseburi nageboba, cocvadobis daZvelebis Teoria,
gadaadgilebaTa cvlilebebis Tavsebadobis pirobebi koWisa da
Sualeduri sayrdeni burjis Sexebis wertilSi.

1. Sesavali
naSromSi ganixileba umartivesi (erTi Sualeduri burjis mqone)

xidiseburi nagebobis ganxorcielebis erT-erTi yvelaze metad gavrcelebuli
meTodi: jer ageben or sanapiro da erT Sualedur burjs (sayrdenebs) da
Semdeg maT akavSireben koWebiT (nax. 1). am dros burjebze gadadis mxolod
koWebis wona Seyursuli Zalebis saxiT. e.i. urTierTqmedebis Zala Sualedur
burjsa da koWebs Soris ar arsebobs.

nax. 1

2. ZiriTadi nawili
SesavalSi aRwerili proceduris Semdeg xdeba am koWebis Sualedur

burjze ganTavsebuli pirapirebis gamonoliTeba da e.i. ori statikurad
rkvevadi koWis erT erTjer statikurad urkvev koWad gadaqceva. drois 0t
momentisaTvis urTierTqmedebis tX Zala koWis gamonoliTebis zonasa da

Sualedur burjs Soris nulis tolia. garkveuli drois gasvlis Semdeg
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gamonoliTebul koWSi cocvadobis deformaciebis ganviTarebis gamo
Sualeduri burjisa da gamonoliTebuli (L sigrZis) koWis Sexebis wertilSi
aRiZvreba urTierTqmedebis x Zala, romelic, rasakvirvelia, iqneba drois
funqcia (nax.2).

nax. 2
koWis maqsimaluri CaRunva q datvirTvis moqmedebis Sedegad (rodesac

0t ) aRvniSnoT sr(1)
t -iT, xolo burjis damokleba tX Zalis moqmedebis

Sedegad aRvniSnoT sr(2)
t -iT. vinaidan es deformaciebi droSi cvalebadia

(kerZod, rodesac 0t , isini ar arseboben), SegviZlia davaskvnaT, rom drois
nebismieri momentisaTvis am gadaadgilebaTa cvlilebebi erTmaneTis toli

unda iyos, anu sr(2)sr(1)
tt dd  .                                 (1)

cocvadobis deformaciebis gaTvaliswinebas vawarmoebT cocvadobis
daZvelebis Teoriis saSualebiT, radganac betonis konstruqciebSi igi
saukeTesodaa miCneuli. misi ZiriTadi diferencialuri gantolebis erT-erTi

saxea [1] tttt ddd  sr ,                                (2)

sadac sr
t aris sruli deformacia drois t momentisaTvis; t drekadi

deformacia t momentisaTvis; xolo

)1( t
kt e   (3)

aris cocvadobis maxasiaTebeli drois t momentisaTvis; k cocvadobis

saboloo maxasiaTebeli anu t -s mniSvneloba, rodesac t ;  _ cocvadobis

zrdis siCqaris koeficienti. k da  ganisazRvrebian eqsperimentebiT da

mocemulia cxrilebSi betonis asakisa da damzadebis pirobebis
gaTvaliswinebiT [2].

Tu gamoviyenebT (2)-s, (1) Caiwereba rogorc ZalTa meTodis kanonikuri
gantoleba Semdegi diferencialuri gantolebis saxiT:

)2()2()2()1()1()1()1()1(
ttttttt dXdXddXdX  

anu )1()1()2()2()1()1()2()1( )()( ttttt dXdddX   ,                 (4)

sadac )1( da )2( drekadi gadaadgilebebia Sesabamisad koWSi da Sualedur

burjSi, romlebic gamowveulia 1tX Seyursuli ZaliT.

L

H

b

h

a

a

Xt
1

1

2 2

2 – 21 – 1

2

L
2

L
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)1( aris maqsimaluri drekadi gadaadgileba L sigrZis koWSi, romelic
gamowveulia masze moqmedi Tanabradganawilebuli datvirTviT.

vinaidan (3)-Si Semavali  koeficienti Cveulebrivi betonebisaTvis
meryeobs Zalian mcire sazRvrebSi, SegviZlia miviRoT, rom isini erTidaigivea
rogorc koWisaTvis, aseve Sualeduri burjisaTvis. amitom

constk
d

d

k

k

t

t

t

t 
)1(

)2(

)1(

)2(

)1(

)2(








 .                       (5)

am ukanasknelis gaTvaliswinebiT da (4)-is gayofiT )1(
td -ze miiReba

)1()2()1(
)1(

)2()1( )()(  t
t

t Xk
d

dX



 .                     (6)

aRvniSnoT a )2()1(  ; bk  )2()1(  ; c )1( .                    (7)
maSin (6) gadaiwereba

cbX
d

dX
a t

t

t 


(8)

anu cX
a

b

d

dX
a t

t

t 










.                             (9)

(9) gavamravloT
ta

b

e

-ze: ttt a

b

t
a

b

a

b

t

t CeXe
a

b
e

d

dX
a












 .                      (10)

(10) warmovadginoT warmoebulebis saxiT. Tu gamoviyenebT ori funqciis

(kerZod, tX da
ta

b

e

) namravlis gawarmoebis wess, SegviZlia davweroT:





















t

a

b

a

b

t

ta

b

t Xe
a

b
e

d

dX
aeXa

ttt 


,                   (11)

xolo ta

b

ce


funqciis warmoebulis saxiT warmodgena gvaZlevs:











tt a

b

a

b

e
b

a
cce

 .                            (12)

SevitanoT (11) da (12) (10)-Si:



















 tt a

b

a

b

t e
b

a
ceXa

 . (13)

es ukanaskneli SevkvecoT a-ze da gavaintegraloT  t,0 SualedSi

(gavixsenoT, rom rodesac 0t da e.i. (3)-is Tanaxmad 0t , 0tX ):
t

t
t

t a

b

a

b

i e
b

c
eX







00

















 (14)

anu








 1

tt a

b

a

b

t e
b

c
eX

 .                             (15)

gavyoT (15)
ta

b

ce

-ze:
















ta

bt

e
b

c
X



1
1

anu
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









 ta

b

t e
b

c
X


1 .                               (16)

Tu gaviTvaliswinebT (7) aRniSvnebs, (16) miiRebs saxes:



















 


 t

k

t e
k

X







)2()1(

)2()1(

1
)2()1(

)1(
.                        (17)

Tu Cven gvinda ganvsazRvroT tX -s saboloo mniSvneloba, e.i. kX , maSin

(3) gantolebis Tanaxmad gveqneba

  kkt e    
 1

da (17) gadaiwereba


















 


 k

k

k e
k

X







)2()1(

)2()1(

1
)2()1(

)1( .                       (18)

kX -s gansazRvris Semdeg gamonoliTebul (mTlian) koWSi gamoiTvleba

Tanabradganawilebuli datvirTvisa da am Zalis erToblivi moqmedebiT
gamowveuli maqsimaluri mRunavi momenti.

ricxviTi magaliTi: davuSvaT, rom me-2 naxazze warmodgenili xidiseburi
nagebobis erTjer statikurad urkvevi sistemis parametrebia: 10L m; 2,0b m;

1h m; 3H m; 2,0a m; 2,0q kn/sm; 1)1( k ; 2)2( k ; 3)2()1( 102  EE kn/sm2.

masalaTa gamZleobis kursidan cnobilia, rom or sayrdenze mdebare
statikurad rkvevadi koWis maqsimaluri CaRunva Tanabradganawilebuli
datvirTvis moqmedebis SemTxvevaSi aris malis SuaSi da ganisazRvreba
formuliT:

78,0

12

)10(20
102

)10(2,0

384

5

384

5
32

3

434
)1( 




EI

qL sm                     (19)

xolo malis SuaSi modebuli 1tX kn Zalisagan koWis maqsimaluri CaRunva

00625,0

12

)10(20
10248

)10(

48 32
3

333
)1( 







EI

LX t sm. (20)

1tX kn Zalisagan Sualeduri burjis (dgaris) sigrZis Semcireba

00038,0
2020102

300
3

)2( 






EA

HX t sm.

me-(5)-s Tanaxmad 2
1

2
K .

axla ukve SegviZlia ganvsazRvroT (6) gantolebis koeficientebi:

00663,000038,000625,0)2()1(  sm                    (21)

00701,000038,0200625,0)2()1(   k sm,                (22)

(18)-is Tanaxmad:  




























 







06,1
1

00663,0

00701,0

)2()1(

)1(

127,1111
00701,0

78,0
1

)2()1(

)2()1(

eee
k

X
k

k

k








7,726535,027,111)3465,01(27,111  kn.                           (23)
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axla gamovTvaloT koWis maqsimaluri mRunavi momenti, romelic
Tanabradganawilebuli datvirTvis moqmedebisaganaa gamowveuli. gaangariSebas
vaxdenT isev masalaTa gamZleobis kursidan cnobili formuliT:

25000
8

)10(2,0

8

232

max 



qL

M q knsm.                   (24)

xolo koWis maqsimaluri mRunavi momenti, romelsac iwvevs kX Zala, iqneba

19175
4

1000
7,72

4max 
L

XM k
X k knsm.                   (25)

nax. 3
faqtiuri maqsimaluri momenti koWSi iqneba:

68251817525000maxmax  kXq
k MMM knsm.                (26)

cocvadobis deformaciebis gaTvaliswinebis gareSe ZalTa meTodis
kanonikuri gantolebis saxe iqneba:

0
)2(

0
)1( XX   (27)

aqedan 65,117
00663,0

78,0
)2()1(

)1(

0 






X kn.                   (28)

(25)-is analogiurad

29413
4

1000
65,117

40max
0 

L
XM X knsm.              (29)

am dros faqtiuri maqsimaluri momenti koWSi iqneba

441329413250000
maxmax0  Xq MMM knsm. (30)

koWis mRunavi momentebis epiurebi orive SemTxvevaSi naCvenebia me-3
naxazze.

3. daskvna
rodesac datvirTvis momentisaTvis nagebobebis saangariSo sqema

(rkvevadi da urkvevi) ucvlelia garkveuli drois gasvlis Semdegac,
cocvadobis deformaciebi icvlebian Zabvis Seucvlelad. imisaTvis, rom
cocvadobam Secvalos konstruqciis daZabuli mdgomareoba, saWiroa misi
datvirTvis momentisaTvis TviT konstruqciis saxe iyos Secvlili, rogorc
ganxilul magaliTSi moxda. saxeldobr, statikurad rkvevadi ori koWi
datvirTvis momentSi Secvlilia axali sqemiT – erTjer urkvevi koWiT.

zogadad SeiZleba iTqvas, rom cocvadobis deformaciebi mxolod maSin
cvlian konstruqciis daZabulobas, rodesac misi saangariSo sqema icvleba.
kerZod, rodesac konstruqciis statikurad urkvevadobis xarisxi izrdeba.
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gare samyaros gavlena sarkinigzo transportis usafrTxomo
moZraobaze

m. moiswrafiSvili, l. andRulaZe
(saqarTvelos teqnikuri universiteti, 0175 m. kostavas 77,

saqarTvelo, Tbilisi)

reziume: statiaSi ganxilulia gare samyaros gavlena sarkinigzo
transportis usafrTxo, Seuferxebel da uwyvet moZraobaze, rogorc
erTerTi sayuradRebo faqtorisa, romelsac saqarTveloSi ar eqceva
saTanado yuradReba. aRniSnulia, rom garemos zegavlenis gamo
sarkinigzo samsaxurebis muSaobis Seferxebis, gaCerebis (uaris) mizezi
aRwevs 17 %–s da misi ugulvebelyofis SemTxvevaSi izrdeba teqnogenuri
katastrofis moxdenis albaToba, romlis Sedegad umetes SemTxvevaSi,
garda mniSvnelovani materialuri zaralisa, SesaZlebelia moxdes
garemos Zalze didi masStabebis myisieri dabinZureba. statiaSi
SemoTavazebulia sarkinigzo transportis sawarmoebis struqturebSi
gansaxorcielebeli RonisZiebebi.
sakvanZo sityvebi: usafrTxo moZraoba, gare samyaros gavlena,
sarkinigzo transporti.

1. Sesavali
sarkinigzo transporti aris rTuli infrastruqturuli sistema,

romelic gansazRvravs qveynis ekonomikis momaval ganviTarebas. efeqturi
sarkinigzo gadazidvebis procesis umniSvnelovanesi kompleqsuri maCvenebelia
sxvadasxva daniSnulebis matareblebis (samgzavro, satvirTo, satvirTo-
samgzavro, saerTaSoriso mimosvlebis da sxva) usafrTxomoZraoba.

rkinigzaze usafrTxo mimosvlisaTvis da gadazidvebis procesis
rentabelurobisaTvis aucilebelia sistemuri midgomis gziT minimumamde iqnas
dayvanili teqnikuri saSualebebis yvela saxis mtyuneba.

rkinigzaze moZraobis usafrTxoebis sistemurad uzrunvelsayofad da
gadazidvebis procesis funqcionaluri strategiis realizebisaTvis, misi
garantirebuli usafrTxoebisa da saimedoobisaTvis mravali qveynis
transportis saministroebis mier SemuSavebulia standartebi, miTiTebebi,
brZanebebi da wesebi, romelTa dacva savaldebuloa da romlebic
erTobliobaSi qmnian normatiul dokumentacias, rasac und adaefuZnos yvela
gadawyvetileba: daproeqteba iqneba es, mSenebloba Tu reabilitacia–
rekonstruqcia an modernizacia.

aRsaniSnavia, rom mtyunebis warmoSobis erTerTi mizezi aris gare
samyaros zegavlena sarkinigzo transportze. statiaSi yuradReba SevaCereT
aRniSnul sakiTxze, vinaidan saqarTveloSi mas ar eTmoba sagangebo yuradReba
da gare samyaros zegavlenisgan dacva moazrebulia mxolod gegmiuri
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samuSaoebis SemadgenlobaSi, isic nawilobriv da ara misi SesaZlo
zemoqmedebis masStabebis sruli warmodgeniT.

2. ZiriTiadi nawili
rogorc cnobilia, matarebelTa sarkinigzo moZraobisa da manevrirebis

usafrTxoebis darRveva klasificirdeba rogorc satransporto moZraobisas
SemTxvevebiT da agreTve, iseTi SemTxvevebiT, romlebic gamowveulia rkinigzis
transportze saeqspluatacio wesebis darRvevebiT. Tavis mxriv satransporto
SemTxvevebi SeiZleba iyos gamowveuli garegani zemoqmedebebiTac. aseTad
SeiZleba ganvixiloT datborva, xanZari, maRali temperaturis zemoqmedeba,
zvavi, uxvTovlianoba da a.S. agreTve, nebismieri gare faqtoris zemoqmedebiT
infrastruqturuli konstruqciebis mTlianobis rRveva, romlebic iwvevs
Tundac liandagis erT xazze moZraobis paralizebas erTi saaTiT an meti
droiT.

aqve unda yuradReba gavamaxviloT 2015 wlis 13 ivnisis q. TbilisSi
momxdar stiqiur ubedurebaze, romelic TvalsaCinod warmoadgens gare
samyaros zemoqmedebiT sagzao infrastruqturis moSlis magaliTs da damdgar
Sedegebs, rodesac is Tavisi damxmare nagebobebiT faqtobrivad moumzadebeli
Sexvda stiqias da dadga imaze savalalo Sedegebi, vidre dadgeboda
prevenciuli RonisZiebebis gatarebis SemTxvevaSi. aRniSnuli faqti moyvanilia
paralelis gasavlebad, rogorc  sarkinigzo infrastruqturis msgavsi
infrastruqturisa.

dReisaTvis dadgenilia sagzao infrastruqturis muSaobis Sewyvetis
Semdegi saxeebi: saeqsploatacio, sawarmoo, konstruqciuli, degradaciis,
Sinagani. Cven vTvliT, rom saWiroa am mizezebs daematos CvenTvis am etapze
saintereso, garemo faqtorebiT moZraobis Sewyvetis ganmartebac.

moZraobis Sewyveta garemo faqtorebis zemoqmedebiT xdeba stiqiuri
ubedurebisas, momsaxure personalis mier arasaTanadod Sesrulebuli an/da
ugulvebelyofili samuSaoebis an organizebuli jgufuri danaSaulebis
qurdobis, vandalizmis an/da teroristuli aqtebis SemTxvevebSi.

samecniero-kvleviTi institutebis mier SemuSavebul instruqciebSi
teqnikuri saSualebebis gaCereba/gamorTvis gamomwvevi mizezebi saxeldeba
rogorc faqtorebi, romlebic iwveven satransporto SemTxvevebs da masTan
dakavSirebul saxifaTo movlenebs. es faqtorebi mniSvnelovnad moqmedeben
saeqsploatacio maCveneblebze, RirebulebaSi gamoxatul danakargebze da
maTTan dakavSirebul riskebze.

rogorc zemoT aRvniSneT garemo zemoqmedebidan erT-erT
umniSvnelovanes faqtorad iTvleba uamindoba, romelic SeiZleba gaxdes
mTeli rigi stiqiuri ubedurobebis safuZveli, rogoricaa: xanZari, datborva,
seluri nakadebis Camosvla, zvavis Camowola da sxva.

mecnierebisa da teqnikis ganviTarebis uaxlesi miRwevebis safuZvelze
gadaiaraRebuli sarkinigzo transporti, moZraobis procesebis
kompiuterizacia da avtomatizacia kidev ufro damokidebuls xdis mas amindsa
da klimatur pirobebze. teqnikuri samsaxurebis muSaoba, gansakuTrebiT gzebis
saeqsploatacio samsaxuri, eleqtrofikacia, kavSirgabmuloba uSualodaa
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damokidebuli garemo bunebriv faqtorebze. sarkinigzo samsaxurebis muSaobis
Seferxebis, gaCerebis (uaris) mizezi17 % -Sia ris bunebrivi faqtorebi, es ki
aris pirdapiri gavlena matarebelTa moZraobis sam ZiriTad maxasiaTeblebze:
Seuferxeblobaze, usafrTxoebaze da maT uwyvetobaze.

matarebelTa moZraobis Seferxebis 13% modis did Tovlobisas.
vagonTa datvirTva-CamotvirTvis Seferxebebis 23% iwvevs Zlieri qari da
yinvebi, 4% gamowveulia sxva araxelsayreli, saSualo wliuri maCveneblebidan
gadaxrili kritikuli meteorologiuri pirobebiT, xolo danarCeni ki
teqnikuri saSualebebisa da infrastruqturis muSaobis xarvezebze.

matarebelTa moZraobis Seferxebis mizezebis procentuli wili

naCvenebia naxazze 1.

სხვა არახელსაყრელი მეტეოროლოგიური პირობები

დიდთოვლობა

ვაგონების ჩატვირთვა–გადმოტვირთვის შეფერხება უამინდობის გამო

ტექნიკური მიზეზები

nax. 1. matarebelTa moZraobis Seferxebis mizezebis procentuli wili
moZraobis usafrTxoebaze pirdapiri gavlena aqvs nakadebisa da zvavebis

moZraobis procesebs: miwis vakisis gamorecxvebs uxvnaleqianobis dros. aseT
SemTxvevebs SeiZleba moyves moZraobis Seferxeba 8-10 sT-iT da meti xniTac. Tu
gveqneba e. w. sasignalo wertilebi, romlebic winaswar gvacnobeben
mosalodnel stiqias, maSin gvrCeba samoqmedo dro rom movemzadoT saTanadod
da SeZlebisdagvarad aRvkveToT mosalodneli ubedureba. mag. SeizRudos
matareblebis moZraoba aRniSnul ubnebze (Sewydes matarebelTa moZraoba an
SemcirdesmaTi siCqareebi dasaSveb mniSvnelobamde). mecnierebisa da teqnikis
ganviTarebis Tanamedrove pirobebSi TiTqmis prognozirebadia mosalodneli
uamindoba, rasac SeiZleba moyves esa Tu is stiqiuri ubedureba, anu
SesaZlebelia gakeTdes analizi mosalodnel bunebriv teqnogenuri
katastrofebis Sedegebze da SemuSavebul iqnas RonisZiebebi maTi drouli
nawilobrivi an srulad aRmosafxvrelad. aRsaniSnavia, rom matarebelTa
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moZraobis usafrTxoebaze gare samyaros zegavlena minimumade aris dayvanili
dReisaTvis gamoyenebuli Tanamedrove teqnikuri saSualebebis xarjze.

rkinigzis transportis Seuferxebeli da usafrTxo moZraobis
uzrunvelyofisTvis aucilebelia ganxorcieldes sadReRamiso uwyvet reJimSi
hidrmeteorologiuri monitorinigi.

aseTi amocanebis gadaWris gasaadvileblad aucilebelia Seiqmnas
erTiani prognozul informaciuli sistema, mag. rkinigzebis eleqtronuli
ruqebi, romelSic avtomatur reJimSi Tavs moiyris meteorologiuri sadgurebi
dan informacia. maTze dayrdnobiT Seiqmneba Sedegebis erTiani baza, romlis
safuZvelzec SemuSavdeba mosalodneli katastrofebis savaraudo scenarebi
da maTi preveciuli RonisZiebi. yovelive es Tavis mxriv uzrunvelyofs
teqnogenuri katastrofebisas teqnikuri saSualebebis umtyunebeli muSaobisa
da matarebelTa moZraobis usafrTxoebis amaRlebas, saeqsploatacio
samuSaoebis operatiuli marTvis daxvewas da riskebis Semcirebas.

3. daskvna

vinaidan, gare samyaros gavlena sarkinigzo transportis usafrTxo,
Seuferxebel da uwyvet moZraobaze axdens mniSvnelovan zegavlenas. maTi
gavlenis ugulvebelyofis SemTxvevaSi izrdeba teqnogenuri katastrofis
moxdenis albaToba, romlis Sedegebi umetes SemTxvevaSi, garda mniSvnelovani
materialuri zaralisa, Seqmnis garemos Zalze didi masStabebis myisier
dabinZurebas. aqedan gamomdinare, aucilebelia:
1. regionis klimatur–geografiuli mdebareobis mixedviT TiToeuli
arsebuli an axlad asaSenebeli sarkinigzo magistralisTvis cal-calke
Sedges garemosgan sagzao obieqtis dacvis kompleqsuri RonisZiebebi;

2.Seiqmnas ekologiuri monitoringis samsaxurebi, romelTa daniSnuleba
iqneba sarkinigzo infrastruqturis garemo zegavlenis uwyveti dakvirveba
rogorc eleqtronulad, aseve winaswar gansazRvrul mometebuli riskis
adgilebSi;

3. moxdes katastrofebis mosalodneli scenarebis mixedviT liandagis
zednaSenis da cviTi–saremonto-aRdgeniTi samuSaoebis organizeba.

literatura
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wyalsacavebis daWuWyianebisagan dacvis problemebi
r. imedaZe, T. maRraZe

(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi
saqarTvelo.)

reziume: avtorTa mier naSromSi saubaria wyalsacavebis da wylis
resursebis daWuWyianebisagan dacvis problemebze. avtorebi iTvaliswineben
msoflios mowinave qveynebis gamocdilebas da gvTavazaoben TavianT
mosazrebebs saqarTveloSi am sakiTxis mogvarebisaTvis.

am sakiTxebis gadawyveta metad mniSvnelovania qveynisaTvis, romlis
gadawyveta xels uwyobs, rogorc ekologiuri problemebis gaumjobesebas,
ise floris, faunis da serTod garemos gaumjobeseba. avtorebi aCvenben am
sakiTxebis gadawyvetis gzebs da Semodian winadadebiT, Tu rogori gzebiT
unda iqnas moZiebeuli gzebi saxsrebis mopovebisaTvis: regionaluri
dafionanseba, centraluri dafinanseba, samrewvelo sawarmoebis finansebis
CarTva, daintersebuli pirebi da sxva.

naSromSi avtorebis mier mowodebulia azri wyalsacavebis daWuwyianebis
SemTxvevaSi organozaciebis mimarT gadasaxadebis dawesebis Sesaxeb, sadac
gaTvaliswinebuli iqneba sawarmoTa mier wyalsacavebSi CaSvebuli wylebis
raodenoba da daWuwyianebis done. avtorebs, aseve miaCniaT, rom unda
ganisazRvros Camdinare wyalsacavebSi WuWyiani wylebis CaSvebis adgili da
gaewios mudmivi kontroli wyalsacavebis daWuWyianebis dones.
avtorebs statiaSi cxrilis saxiT naCvenebi aqvT saqarTveloSi bunebrivi

wyalsacavebis CamonaTvali, romelTa sufTad Senaxva metad aqtualuria.
amisaTvis gasaTvaliswinebelia avtorTa mier mowodebuli winadadebebi da
daskvnebi.
sakvanZo sityvebi: wyalsacavebi, daWuwyianeba, dagegmareba, bunebrivi,
regionebi, municiplitetebi.

1. Sesavali
saxelmwifoebi dgebian aucileblobis winaSe daxarjon soliduri

Tanxebi, raTa gadawyviton problema wylis resursebis gawmendisaTvis,
risTvisac muSavdeba gegmebi Sesabamisi samuSaoebis Casatareblad, romlebic
moicaven mdinareebis auzebs, xelovnur da bunebriv wyalsacavebs. ixarjeba
Tanxebi gamwmendi nagebobebis mSeneblobisa da arsebulis srulyofisaTvis.
aseT nagebobebs qveynebisaTvis moaqvT garkveuli sargebloba, amitom maT
ganlagebas da sufTad Senaxvas unda mieqces yuradReba. Tu am sakiTxs
qveyanaSi ar eqceva Sesabamisi yuradReba, rCeba iseTi STabeWdileba, rom
Sesabamis uwyebebSi ar aqvT sruli warmodgena wyalsacavebis daWuWyianebis
problemebze da im Sedegebze rac SeiZleba gamoiwvios maTma daWuWyianebam.
amasTan erTad inJiner-damproeqtemblebma axali samrewvelo obieqtebis
daproeqtebisas didi yuradReba unda miqacion wyalsacavebSi CaSvebuli
wylebis sisufTavis xarisxs. advilia daadanaSaulo mTavroba imaSi rom isini
gegmiurad ver udgebian wyalsacavebis daWuWyianebis problemas da ver iReben
gadawyvetilebebis socialuri politikur da finansur sakiTxebze.
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gasaTvaliswinebelia, rom tradiciulad Camdinare wylebis gawmenda
warmoadgens adgilobriv problemas da calkeul qalaqebs aqvT sakuTari
gamwmendi nagebobebi. maT unda monaxon sakuTari gzebi gamwmendi nagebobebis
modernizaciisaTvis. finansebis TvalsazrisiT adgilobrivi masStabiT
Catarebuli samuSaoebi ufro mimzidvelia, magram saqme imaSia, rom
adgilobriv mTavrobebs ara aqvT aseTi gegma mdinareTa mTeli auzisaTvis da
Sesabamisad regionaluri gegmebi.

2. ZiriTadi nawili
davuSvaT, rom regionaluri da kompleqsuri gegmebis Sedgena mdinareTa

auzebis gawmendisaTvis erTaderTi gzaa, maSin aqedan SeiZleba gamovides, rom
unda aikrZalos yvela sakanalizacio gamwmendi nagebobebis mSenebloba da
maqsimaluri yuradReba gadatanili iqnas gamwmendi nagebobis centralizebul
dagegmarebaze. rac meti gamwmendi nageboba iqneba agebuli an modernizebuli,
miT meti maTganis gamosvla xdeba mwyobridan. kvlevebi aCveneben, rom aTobiT
mcire warmadobis nagebobebis Secvla sjobia erTi centraluri sadguriT.

gegmiT gansazRvruli nagebobebis mSeneblobisaTvis regionSi 1 milioni
mosaxleobisaTvis saWiroa daaxoebiT 3 milioni lari. aseT SemTxvevaSi fulad
saxrsebs ver miviRebT adgilobrivi mTavrobebisagan, radgan maT ara aqvT
sakmarisi Tanxebi.

Sesabamisad fuladi saxrsebi unda gamoiyos saxelmwifo biujetidan. es
fuli gamoyofili unda iyos garemos da bunebrivi resursebis dacvis
saministros mier, magram Tu isini ar gamoTqvamen survils an ara aqvT
Sesabamisi saxsrebi, maSin rCeba gza samuSaoebi gadaeces dainteresebul
jgufebs.

erT-erTi SesaZlo gzaa, regionis municipalitetebs mieces uprocento
sesxebi, romlebic Semdeg biujets daubruneben vals.

sxva SesaZlebloba mdgomareobs imaSi, rom samTavrobo subsidiebi mieces
ara calkeul iuridiul pirebs, aramed regionalur organizaciebs, romlebSic
Sedian warmoebebi, romlebic dabunZurebuli wyliT aWuWyianeben wyalsacavebs.
aseve tenderebis sasualebiT fuladi daxmareba gauwios Sesabamis
organizaciebs, romlebic maT teqnikur daxmarebas gauweven, mdinareTa auzebis
morenizaciisaTvis da dagegmarebisaTvis.

kargad damuSavebuli regionaluri gegmis Sedgenis Semdeg Camdinare
samrewvelo wylebis gamo gadasaxadebis akrefis dros warmoiSveba
praqtikulad Sesrulebis problemebi. mosaxleobas unda avuxsnaT, rom
gawmendili Camdinare wylebis wyalsacavSi CaSveba ar daazianebs mdinareebs
da wyalsacavebs.

gaucnobiereblobis gamo es xSirad mosaxleobisagan winaaRmdegobas
iwvevs. imisaTvis, rom es problema mogvardes samrewvelo sawarmoebs unda
dauwesdes gadasaxadebi, romlebsac samrewvelo obieqtebi gadaixdian.
gadasaxadebs Camdinare wylebis raodenobis da maTi daWuWyianebis mixedviT.
gadasaxadebidan Semosuli Tanxebis 50% unda gadaeces minucipalitetebs
(gamgeobs), romlebic gamoiyeneben maT gamwmendi nagebobebis mSeneblobisaTvis
da danarCeni 50% ki funqcionaluri organos Sesaqmnelad, romelic
ganaxorcielebs kontrols wylis resursebis gamoyenebaze, qveynis mTel
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teritoriaze. es aiZulebs samrewvelo organizaciebs Seamciron Camdinare
wylebis raodenoba wyalsacavebSi da gamoiyenon uaxlesi teqnologiebi
wylebis gasawmendad, amasTan es garantias iZleva regionaluri samsaxurebis
mier wylis resursebis sworad gamoyenebisa. mowinave qveynebSi  aseTma
midgomam kargi efeqti gamoiRo.

saqarTveloSi ramodenime aTasi mdinare da 850 tbaa. maTi sufTad Senaxva
qveynis mTavari amocanaa, rac xels uwyobs Cvens qveyanaSi mcenareulis,
cxovelebis, frinvelebis, Tevzebis, klimatis da haeris sisufTavis
SenarCunebas. es aseve xels Seuwyobs Cveni qveynis mimzidvelobis gazrdas da
rac mTavaria saqarTvelos mosaxleobis janmrTelobis da sicocxlis
xangrZlivobis SenarCunebas. qvemoT naCvenebia cxr. 1, romelSic mocemulia
saqarTvelos ZiriTadi bunebrivi wyalsacavebi, romelTa wylebi gamoiyeneba
sarwyavadda energetikuli daniSnulebiT. cxrili 1.
# tipebis saxelwodeba ZiriTadi morfometruli maxasiaTeblebi

moculoba km3 farTobi
1000km2

udidesi
siRme m

simaRle
zRvis

donidan m
1 tabanyuri 221,0 14,2 40,2 1997
2 riwa 94,0 1,49 101 884
3 faravani 90,8 37,5 3,3 2073
4 paliastomi 52,0 18,2 3,2 -0,3
5 jandari 51,0 10,6 7,2 291
6 yelis tba 31,7 1,3 6,3 2014
7 xozrevani (karwaxi) 19,3 26,3 1,0 1799
8 madaTafa 9,5 8,8 1,7 2018
9 saRamos tba 7,7 4,8 2,3 1996
10 xanCali 6,4 13,3 0,7 1928
11 bazaleTi 5,.6 1,2 7,0 878

mowinave qveynebSi arsebobs mkacri kanonmedbloba, romliTac ganisazRvreba
wylis resursebis daWuWyianebis done, romlis daxmarebiTac dgindeba Camdinare
samrewvelo wylebis CaSvebis adgilmdebareoba, aseve gansazRvrulia sistemis
eqspluataciis da mimdinare remontis xarjebi, romlebic unda aanazRauros
adgilobrivma mTavrobam, rac maT uzrdis pasuxismgeblobas gamwmendi nagebobebis
wesrigSi SenarCunebis da sistemis karg mdgomareobaSi SenaxvisaTvis.

3. daskvna
saxelmwifom unda daawesos gadasaxadebi Camdinare wylebze, romlebic

Caedineba, rogorc dasaxlebuli punqtebidan ise sawarmoebidan, rac saSualebas
miscems qveyanas awarmoos efeqturi brZola wylebis daWuWyianebasTan. aseve
saWiroa gamoeyos didi yuradReba, rogorc kanondeblobis dacvis da samecniero
kvlevebis egreTwodebul “ganawilebul daWuWyianebis” wyaroebze. am sakiTxis
gadawyvetisaTvis CarTuli unda iyos dargis inJiner-specialistebi, romlebsac
xelewifebaT Camoayalibon gzebi am problemis gadasawyvetad, rac saSualebas
miscems Sesabamis dargis xelmZRvanelebs SearCion sakiTxis gadawyvetis
optimaluri varianti.

literatura
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rTuli reliefis mqone wyalsacavSi Rvarcofis SemodinebiT
gamowveuli talRawarmoqmnis procesis erTganzomilebiani

(1D) ricxviTi modelireba
x. iremaSvili1,  g. berZenaSvili1, g. jinjixaSvili2,

1 saqarTvelos teqnikuri universiteti, m. kostavas q. 77, Tbilisi 0175,
saqarTvelo

2israelis eleqtrokorporacia, netiv haoris q. P.O.B 10, haifa 3100, israeli
reziume: ganxilulia marCxi wylis moZraobis erTganzomilebiani (1D)
gantolebaTa sistemis ricxviTi amoxsnis sasrul-sxvaobiTi meTodika da
SemoTavazebulia Rvarcofis Semodinebis Sedegad warmoSobili
eqstremaluri talRebis prognozireba, realuri reliefis
gaTvaliswinebiT, mcire siRrmis samTo viwro wyalsacavebisaTvis.
sakvanZo sityvebi: wyalsacavi, Rvarcofi, eqstremaluri talRa, ricxviTi
amonaxseni, marCxi wyali.

1. Sesavali
mTian regionebSi xSiria Rvarcofebis warmoqmna, rasac Tan sdevs

garemoze uaryofiTi ekologiuri gavlena da mniSvnelovani materialuri
zarali. aseT regionebSi wyalsatevebis saimedo funqcionirebisaTvis unda
ganvixiloT Rvarcofis hidroteqnikur nagebobaze zemoqmedebis sakiTxi, rac
gulisxmobs im Zalebis gaTvaliswinebasac, romlebic warmoiqmnebian
talRebisa da hidrodinamikuri wnevebis saxiT, Rvarcofis wyalsacavSi
Semodinebisa da masSi gavrcelebis Sedegad.

2. ZiriTadi nawili
wyalsacavebSi wylis talRuri moZraobis maTematikuri modelirebis

mizniT gamoiyeneba diferencialur gantolebaTa sistemebi, romlebic
fundamentalur hidromeqanikur kanonebs asaxaven. sainJinro amocanebis
amoxsnisas mimarTaven garkveul daSvebebsa da gamartivebaze dafuZnebul
miaxloebiT Teoriebs.

rodesac mosalodneli talRis simaRle wyalsatevis siRrmesTan
SedarebiT ar SeiZleba iyos mcire da saWiroa kalapotis fskerze moqmedi
xaxunis Zalebis da realuri reliefis gaTvalisiwneba gamoiyeneba marCxi
wylis Teoria. mTavari daSveba am TeoriaSi aris is, rom nakadis siCqareebi
misi siRrmis mixedviT ar icvleba da SeiZleba ganxilul iqnas mxolod
erTganzomilebiani an organzomilebiani (gegmaSi) wylis moZraoba.

Cven Rvarcofis Semodinebas ganvixilavT mcire siRrmis samTo viwro
wyalsacavSi, amitom sakmarisia erTganzomilebiani (1D) amocana, romelsac aqvs
Semdegi saxe:

(1)

sadac: - aris wylis siRrme;
- dinebis vertikalze da horizontalze gasaSualebuli siCqare;
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- ganivkveTis farTobi; - Tavisufali zedapiris sigane; - nakadis
xarji - hidravlikuri radiusi; - hidravlikuri qanobi

; - fskeris qanobi ; - maningis kalapotis

xorklianobis koeficienti. - fskeris qveda niSnulis funqcia.
SevniSnoT, rom uwyvetobis gantolebis mesame wevri axasiaTebs

ganivkveTis formis marTkuTxedis formisagan gadaxvevas da

marTkuTxedis SemTxvevaSi. rac Seexeba  uwyvetobis gantolebis meoTxe wevrs,

igi axasiaTebs ganivkveTis erTgvarovnebas sigrZeze da

kalapotis ganivkveTis mciredi cvlilebis dros.
marCxi wylis Teoriis gantolebebi arawrfivia da maTi amoxsna

SesaZlebelia mxolod ricxviTi (sasrul-sxvaobiTi an sasruli elementebis)
meTodebis gamoyenebiT. damuSavebulia Rvarcofis Semodinebis sasrul-
sxvaobiTi meTodiT saangariSo sqema, rogorc aramkvrivi, Sewonili Rvarcofis
Semodinebis, ise Rvarcofis da mewyeris siCqariT moZravi
Semkvrivebuli nakadis SemTxvevaSi, romelic iwvevs fskeris formis cvlilebas

(nax.1).

nax.1. samTo viwro wyalsacavSi Rvarcofuli nakadis Semodinebis
saangariSo erTganzomilebiani (1D) ricxviTi sqema.

gantolebebi ixsneba Sesabamis sawyis da sasazRvro pirobebTan erTad,
romelic Semdegnairadaa warmodgenili:

sawyisi piroba (mocemulia sawyisi xarji da siRrmeTa ganawileba)

(2)
sasazRvro piroba (mocemulia xarjis cvlileba da reliefis

cvlileba Tu ganixileba Semkvrivebuli nakadi):

(3)
amonaxsenis miiReba sam bijiani cxadi sxvaobiTi sqemiT, kerZod laqsi-

vendorfis modificirebuli meTodiT:

 pirvel saangariSo etapze warmoebs saZiebeli funqciis Sualeduri

mniSvnelobis gansazRvra cnobili mniSvnelobidan:

X

Z

1
D
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(4)

 meore saangariSo etapze warmoebs saZiebeli funqciis axali

mniSvnelobis gansazRvra:

(5)

 mesame saangariSo etapze warmoebs saZiebeli funqciis saSualo
mniSvnelobis gamoTvla:

(6)
mocemuli amocanis srulyofili ricxviTi amonaxsenis misaRebad

mniSvnelovania reliefis formis aproqsimacia da misi meSveobiT gantolebaSi
Semavali parametrebis gansazRvra, miTumetes Tu ganvixilavT mkvrivi nakadis
Semosvlas. Cvens mier damuSavebulia reliefis wrfivi interpolirebis
optimaluri meTodika, romelic gulisxmobs mxolod gamoTvlebisaTvis saWiro
uwyveti funqciebis miRebas, xolo kveTebis ageba
topologiuri niSnulebis safuZvelze  saWiroa mxolod saangariSgebo
wertilebSi talRis gavrcelebis grafikuli gamosaxvisaTvis.

3. daskvna
mcire siRrmis wyalsacavSi Rvarcofis Semodinebis Sedegad warmoSobili

eqstremaluri talRuri procesis prognozirebis ganxiluli meTodika saSualebas
iZleva aRvweroT talRebis moZraobis procesi, rogorc Sewonili, ise
Semkvrivebuli nakadis SemTxvevaSi. rTuli reliefis Sesabamisi parametrebis
gamoTvlebi gamartivebuli da optimizirebulia, xolo Sedegebis warmodgena
SesaZlebelia realuri reliefis Sesabamisad.
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statia Sesrulebulia saxelmwifo grantis ucxoeTSi moRvawe
TanamemamuleTa monawileobiT erToblivi kvlevebisaTvis proeqtis №DI/14/3-
109/14 „mTian raionebSi ganlagebul hidrokvanZebze Rvarcofebis katastrofuli
zemoqmedebis prognozireba da prevencia“ ІІ saangariSo periodSi
gaTvaliswinebuli samuSaoebis farglebSi SoTa rusTavelis erovnuli
samecniero fondis dafinansebiT.
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martivi moZravi kvanZebisYmowyoba rkinabetonis
sayalibe sistemebis agebisas

i. qvaraia1, T. dvaliSvili2, S. yanCaSvili1

(1 saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0175;
2 Sps „bk kapitali“, yifSiZis q. #13, 0179, Tbilisi, saqarTvelo)

reziume: statiaSi ganxilulia, rkinabetonis rTuli sayalibe sistemebis
agebis dros dasaSlel-gadasaadgilebeli kvanZebis mowyobis
aucilebloბის sakiTxi da moyvanilia maTi konstruqciuli gadawyvetis
magaliTebi.
sakvanZo sityvebi: kvanZi, betoni, rkinabetoni, yalibi,  armatura, Rero,
sayeluri, fanera, daSla, awyoba, montaJi.

1. Sesavali
mSeneblobis procesSi, rkinabetonis konstruqciebis dasabetoneblad

saWiro rTuli sayalibe sistemebis agebis dros, xSirad aucilebelia maTSi
winaswar gaTvaliswinebuli iqnes mTeli rigi dasaSlel-asawyobi kvanZebis
mowyoba. aseTi kvanZebi saSualebas iZleva mniSvnelovnad gamartivdes
damontaJebis, maTi gasworebis, dabetonebisa da gamoxsnis samuSaoebi. Kkargad
mofiqrebuli gadawyvetebis ganxorcielebis SemTxvevaSi izrdeba TviT an
yalibebis dazianebebis gareSe demontaJisa da mravaljeradi gamoyenebis
SesaZleblobebi. sainteresoa, rom samSeneblo praqtikidan gamomdinare maTi
gakeTeba SesaZlebelia samSeneblo moedanze arsebuli masalebis gamoyenebiT
elementaruli SromiTi da finansuri danaxarjebiT, rac sabolood
mniSvnelovan mogebas iZleva.

2. ZiriTadi nawili
Tanamedrove wvrilfarebiani yalibebisagan SesaZlebelia urTulesi

formisa da moxazulobis yalibebis ageba. aseTi yalibebi, rogorc wesi
sadurglo saamqroebSi mzaddeba da Semdeg xdeba maTi gadatana uSualod
samontaJo adgilas. Yyalibebis konstruqciebis sirTulidan da ZiriTadad
maTi sixistidan gamomdinare xSirad SeuZlebelia maTi sayalibe sistemis
proeqto mdgomareobaSi gasworeba. sayalibe sistemis elementebis uZraobis
gamo ver xerxdeba yalibis sayrdeni kuTxeebis zustad moTxovnil
koordinatebTan SeTavseba da sul mcire uzustobebis gamo, arc Tu iSviaTad
saWiro xdeba yalibis gadakeTeba. Ggarda amisa, samSeneblo moednebze, amwe
mowyobilobebis SezRuduli SesaZleblobebis gamo problemebi iqmneba xolme
didi gabarituli zomebis mqone da mZime sayalibe sistemebis awevis mxrivac.
aqedan gamomdinare sayalibe sistemebis agebis procesSi unda iqnes
gaTvaliswinebuli yvela SesaZlo garTulebebi da amis Sesabamisad winaswar
moxdes dasaSlel-gadasaadgilebeli kvanZebis mowyoba. maTi gadawyveta
moZravi martivi konstruqciebis SeqmniT xdeba. kerZod, liTonis detalebis
SeduRebiT da maTi damagrebiT yalibis sartyelebze an gamyof nawilebze;
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mTeli sayalibe sistemebis deformaciulobi gazrdisaTvis sakmarisia
romelime sartyelisaTvis elementaruli gadaadgilebis  saSualebis micema,
rac moyvanilia nax-1-ze.

Nnax.1. sayalibe sistemis qveda sartylis moZravi umartivesi kvanZi
aseTi kvanZebi Zalze martivad ewyoba, rogorc vertikaluri aseve

horizontaluri sayalibe sistemebis agebis dros. maTi gadaadgilebiT xdeba
sayalibe sistemis gafarToeba an SekumSva da amiT ioldeba montaJ-demontaJis
samuSaoebis Sesruleba. kvanZis sqematuri gamosaxuleba moyvanilia nax.2-ze

sayeluri liTonis yuri liTonis xraxniani
Rero

liTonis
profili

liTonis furclebi
uZravi sartyeli       moZravi sartyeli

nax.2. sayalibe sistemis moZravi kvanZis gadawyvetis sqema

mZime da didi gabarituli zomebis mqone sayalibe sistemis magaliTad
moyvanilia 12m diametris da 1,2m simaRlis yalibi, romlis montaJi ver
xerxdeboda amwiT da is or nawilad gaiyo (nax.3). gayofis adgilas ori patara
fanjaraa simetriulad datovebuli, romlis SigniT moewyo kvanZi.
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Nnax.3. didi gabarituli zomis da mZime sayalibe sistema gamyofi fanjrebiT
aseT SemTxvevebSi  sayalibe sistemis gamyof kvanZebs aqvT, nax.4-ze

moyvanili sqematuri saxe.

sayeluri          liTonis yuri liTonis xraxniani
Rero

liTonis furceli

yalibis
Ziri

nax.4. sayalibe sistemis gamyof-SemakavSirebeli kvanZis gadawyvetis sqema

D3. daskvna
1.Dsadurglo saamqroebSi sayalibe sistemebis agebis procesSi, maTi

saproeqto mdgomareobaSi damontaJebisa da Semdeg ganyalibebis  samuSaoebis
Sesrulebis gamartivebisaTvis sasurvelia winaswar moewyos dasaSlel-
gadasaadgilebeli kvanZebi, romelTa gakeTeba Zalze advilia samSeneblo
moedanze arsebuli iaffasiani masalebis gamoyenebiT.

literatura
1. i.qvaraia, T.dvaliSvili. rkinabetonis konstruqciebis ganyalibebis

gamartivebis gzebi. samecniero-teqnikuri Jurnali “mSenebloba”. #.3(34),
Tbilisi 2014.
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gansxvavebuli arawrfivi Teoriebis safuZvelze fenovani
garsebis deformaciis amocanebis ricxviTi amoxsna

e. abramiZe, el. abramiZe, a. kublaSvili, v. WankotaZe
(saqarTvelos teqnikuri universiteti, m.kostavas 77, 0175, Tbilisi,

saqarTvelo)
reziume: fenovani garsebis arawrfivi deformaciis amocanebis
Sesawavlisa da SemdgomSi maTi ricxviTi realizaciis mizniT
gamoyenebulia kirhof-liavisa da texilTa hipoTezebze agebuli
arawrfivi Teoriebi. aRniSnuli klasis amocanebis ricxviTi
realizaciisaTvis, zemoxsenebuli Teoriebis safuZvelze, miRebulia
fenovani garsebis arawrfivi deformaciis amocanebis amomxsneli
diferencialuri gantolebaTa arawrfivi sistemebi. moyvanilia fenovani
garsis deformaciis kerZo magaliTi. am magaliTis ricxviTi amoxsna
ganxorcielebulia zemoxsenebuli Teoriebis safuZvelze miRebuli
arawrfivi diferencialuri gantolebaTa sistemebis ricxviTi
realizaciis meSveobiT. miRebuli ricxviTi Sedegebis Sedarebisa da
saTanado analizis safuZvelze gakeTebulia garkveuli daskvnebi, aseve
Seswavlilia sasazRvro pirobebis cvlilebiT gamowveuli zegavlena
garsis deformirebul-daZabul mdgomareobaze.
sakvanZo sityvebi: fenovani garsi, arawrfivi deformacia, sasazRvro
pirobebi, arawrfivi diferencialuri gantolebaTa sistemebi.

1. Sesavali
ganixileba fenovani garsebi, romlebic Sedgenilia mniSvnelovnad

gansxvavebuli meqanikuri maxasiaTeblebis mqone fenebisagan. am klasis
garsebis deformirebul-daZabuli mdgomareobis Seswavla mizanSewonilia
texilTa hipoTezaze agebuli Teoriis gamoyenebiT. texilTa hipiTezis arsi
mdgomareobs SemdegSi, sakoordinato zedapiris normalze mdebare garsis
elementi deformaciis Semdeg gadadis texilSi, rac iZleva fenovani garsis
sisqis gaswvriv ganivi Zvris deformaciebis araerTgvarovnebis
gaTvaliswinebis saSualebas. kirhov-liavis hipoTezaze agebuli Teoria ki
sazogadod ar iTvaliswinebs ganivi Zvris deformaciis arsebobas, miTumetes
fenovani garsebis SemTxvevaSi maT araerTgvarovnebas.

naSromSi moyvanili fenovani garsebis geometriulad arawrfivi
deformaciis aRmweri ZiriTadi gantolebebidan, Sesabamisad texilTa
hipoTezis gaTvaliswinebiT, miRebulia fenovani garsebis geometriulad
arawrfivi deformaciis amocanebis amomxsneli arawrfivi diferencialuri
gantolebaTa sistema. aq aseve moyvanilia fenovani garsis deformaciis kerZo
magaliTi, romelic amoxsnilia, rogorc texilTa, aseve kirhov-liavis
hipoTezebis safuZvelze miRebul arawrfiv diferencialur gantolebaTa
sistemebis ricxviTi realizaciiT. zemoxsenebuli Teoriebis gamoyenebiT kerZo
magaliTis amoxsnis Sedegad miRebuli ricxviTi Sedegebis Sedareba da
saTanado analizi iZleva saSualebas gakeTdes Semdegi daskvna:
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fenovani garsebis arawrfivi deformaciis amocanebis amoxsnisas, Tu
fenebis meqanikuri maxasiaTeblebi arsebiTad gansxvavdebian erTmaneTisagan,
mizanSewonilia aseTi amocanebis amoxsna texilTa hipoTezis gaTvaliswinebiT
miRebul arawrfiv diferencialur gantolebaTa sistemis gamoyenebiT.

2. ZiriTadi nawili
moviyvanoT texilTa hipoTezis safuZvelze agebuli fenovani garsebis

deformaciis arawrfivi Teoriis ZiriTadi gantolebebi da Tanafardobebi.
tangencialuri gadaadgilebebis gamosaxulebebs aqvT Semdegi saxe [4].
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warmoadgenen im fenis ganivi Zvris deformaciebs, romelSic gadis
sakoordinato zedapiri. tangencialuri gamosaxulebebis (1) formulebSi
Semavali koeficientebis gamosaxulebebi moyvanilia naSrom [3]-Si.

tangencialuri gadaadgilebebis gamosaxulebebis (1) saxiT
gaTvaliswinebis SemTxvevaSi deformaciis komponentebi warmoidginebian
Semdegi saxiT:
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deformaciis komponentebis (2)  gamosaxulebebSi Semavali ( )i
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 sidideebis gamosaxulebebi moyvanilia [4-6] naSromebSi.

garsTa TeoriaSi Zalvebsa da deformaciis komponentebs Soris
damokidebulebas gamoxataven drekadobis Tanafardobebi, romelTa
gamosaxulebebic moyvanilia [4-6] SromebSi. drekadobis Tanafardobebi
garsebis SemTxvevaSi asruleben igive rols, rasac drekadobis TeoriaSi hukis
kanoni.

fenovani garsebis elementis wonasworobis gantolebebs aqvT Semdegi
saxe:

*
1 1

*
2 2

**

1 2 3

0 ,

0 ,

0 ,

0 ,

0

A NB N A B
N N A B k Q A B q

A N B N B A
N N A B k Q A B q

A QB Q
A B k N A B k N A B q

A MB M A B
M M A B Q

A M A M A A
M M A B Q

 
   

  
   


 

 
   

  
   

   

   

 

   

   

  
     

   
   

     
   


    

 

  
    

   
   

    
   

,

(3)

sadac
.)()(

,)()(

22
*

11
*









MkNMkNQQ

MkNMkNQQ



 (4)



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(39), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

59

SemdgomisaTvis ganixileba fenovani brunviTi garsebis RerZsimetriuli
arawrfivi deformaciis amocanebi. am klasis amocanebis amosaxsnelad texilTa
hipoTezaze agebuli arawrfivi Teoriis safuZvelze miRebulia aRniSnuli
klasis amocanebis amomxsneli arawrfivi diferencialuri  gantolebaTa
Semdegi sistema:
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gantolebaTa (5) sistemasa da (6) gamosaxulebebSi Semavali koeficientebi
ganisazRvrebian garsebis geometriul da meqanikur maxasiaTeblebis
saSualebiT.

gantolebaTa (5) sistemas, Tu davamatebT sazaRvro pirobebs miviRebT
arawrfiv sasazRvro amocanas.

kerZo magaliTis saxiT ganixileba, samfenovani erTnairi wriuli
xvrelebis mqone, brunviTi elifsoidaluri garsis deformirebul-daZabuli
mdgomareobis amocana. am amocanis ricxviTi amoxsnebi miRebulia, rogorc (5)
arawrfiv diferencialur gantolebaTa, aseve kirhof-liavis hipoTezis
safuZvelze miRebul arawrfiv diferencialur gantolebaTa sistemebis
ricxviTi realizaciis Sedegad.

zemoxsenebuli kerZo magaliTis deformirebul-daZabuli mdgomareoba
Seswavlilia Semdegi sasazRvro pirobebis SemTxvevebSi:
1)elifsoidaluri garsis sasazRvro konturebze moqmedeben Zalebi,
romlebic paralelurni arian brunviTi RerZis, e.i.
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2)elifsoidaluri garsis sasazRvro konturebze moqmedeben brunviTi
RerZis paraleluri Zalebi, radialuri gadaadgilebebisa da mRunavi
momentis ar arsebobis SemTxvevaSi, e.i.

0 ,

,

0,

0,

n

z s s

r

s

S S S

N N sin Q cos P

u ucos wsin

M

 

 



  

  


samfenovani elifsoidaluri garsis deformaciis amocanis Seswavlis
mizniT, garsis geometriuli da meqanikuri maxasiaTeblebisaTvis SemoviRoT

garkveuli aRniSvnebi. garsis fenebis sisqeebi avRniSnoT - 1 2 3, ,h h h -iT, xolo am

fenebis drekadobis modulebi Sesabamisad - 1 2 3, ,E E E -iT, puasonis koeficienti

ki -iT.

nax.1                                         nax. 2
erTnairi wriuli xvrelebis mqone brunviTi elifsoidaluri garsis xoz

sibrtyiT gadakveTis Sedegad miRebuli elifsis parametrul gantolebas aqvs

Semdegi saxe
cos ,

sin ,

x a t

z b t


 0 0( )t t t  

sadac a da b warmoadgenen elifsis naxevarRerZebs.
gantolebaTa (5) sistemisaTvis Camoyalibebul arawrfiv sasazRvro

amocanebis amoxsnisaTvis gamoiyeneba gawrfivebisa da diskretuli
orTogonalizaciis ricxviTi meTodebi [1,2].

naSromSi kerZo magaliTis saxiT ganxiluli samfenovani elifsoidaluri
garsis deformaciis aRmwer sasazRvro amocanebis ricxviTi realizacia
ganxorcielebulia garsis geometriuli da meqanikuri maxasiaTeblebis Semdegi
ricxviTi mniSvnelobebisaTvis:

5 5
1 2 3 1 2 3 0

5
150; 50; 0,1; 1; 0, 3; 10 ; 100; 10 ; 0, 3; t .

12
a b h h h E E E


         
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naxazebze moyvanili grafikebi agebulia texilTa (1) da kirhof-liavis (2)
hipoTeTebze agebuli Teoriebis gamoyenebiT, samfenovani elifsoidaluri
garsis deformaciis sasazRvro amocanebis realizaciiT miRebuli ricxviTi
Sedegebis safuZvelze. moyvanili grafikebi gamoxataven elifsoidaluri
garsis msaxvelis gaswvriv

sN tangencialuri Zalvebisa da
sM mRunavi momentebis

ganawilebis kanonzomierebebs.
nax. 1.-ze moyvanili grafikebi gamoxataven pirveli sasazRvro pirobebis

SemTxvevaSi, roca P =-2, elifsoidaluri garsis deformaciis amocanis
amoxsniT miRebul Sedegebs. miRebuli Sedegebi gviCveneben, rom tangencialuri
Zalvebi da mRunavi momentebi maqsimalur mniSvnelobebs  orive Teoriis
SemTxvevaSi Rebuloben 1 3

3 6
t   wertilis midamoSi.

nax. 2. -ze moyvanili grafikebi ki gamoxataven meore sasazRvro pirobebis

SemTxvevaSi, roca P =-4, elifsoidaluri garsis deformaciis amocanis
amoxsniT miRebul Sedegebs. am SemTxvevaSi miRebuli Sedegebi gviCveneben, rom
tangencialuri Zalvebi maqsimalur mniSvnelobebs orive Teoriis SemTxvevaSi

Rebuloben 5

12
t   wertilSi, xolo mRunavi momentebi 5

24
t   wertilSi.

aRsaniSnavia isic, rom mRunavi momentebis maqsimalur mniSvnelobebs Soris
gansxvaveba sakmaod didia.

3.daskvna
fenovani elifsoidaluri garsebis arawrfivi RerZsimetriuli deformaciis

amocanebis ricxviTi amoxsnisaTvis texilTa hipoTezis gaTvaliswinebis
SemTxvevaSi miRebulia am klasis amocanebis amomxsneli diferencialuri
gantolebaTa arawrfivi sistema. moyvanilia samfenovani elifsoidaluri garsis
RerZsimetriuli deformaciis kerZo magaliTi. es kerZo magaliTi amoxsnilia,
rogorc texilTa, aseve kirhof-liavis hipoTezebze agebuli Teoriebis
gamoyenebiT. miRebuli ricxviTi Sedegebis Sedarebis safuZvelze gakeTebulia
Sesabamisi daskvnebi. moyvanili magaliTis SemTxvevaSi Sefasebulia sasazRvro
pirobebis cvlilebiT gamowveuli zegavlena garsis deformirebul-daZabul
mdgomareobaze.
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G EQULIBRIUM EQUAITION FOR SHARPENED PRISMATIC SHELL
WITH NONSMOOTH COEFFICIENTS

G. Devdariani
(Doctor of Physics and Mathematics Sciences, Professor,

Vazha-Phshavela ave.59, 0186 Tbilisi, Georgia)

Abstract: Paper covers equilibrium equation for sharpened prismatic shell with nonsmooth
coefficients. Paper aims to investigate some actual problems for this equation. Such types of
equations arise in the theory of prismatic shells with the thickness degenerate. Correctness of
the set problems is defended on the power of degenerate and the geometry of the domain
boundary.
Keywords: prismatic shell, differential equation, boundary problem.

1. INTRODUCTION
The theory of degenerate elliptic differential equations has almost a hundred years history. As it

turned out the set of solutions of degenerate elliptic differential equations is a poor one then the set of
solutions of uniform elliptic differential equations. So that the classical problems, for example the
Dirichlet problem, which are correctly set for uniform elliptic differential equations have no solution for
degenerate elliptic differential equations. So it is important to allocate the classis of problems which are
correctly set for the degenerate elliptic differential equations.

2. BASIC PART
In the theory of prismatic shells is well known I.Vkua’s (see [1]) method of reduction of three

dimensional equilibrium equations on two dimensional infinite systems. In so called zero approximation
there obtain three equations and one of them has a view

(1)

where thickness of the shell and equation (1) is considered on the middle surface of the shell.
Equation (1) was considered by several authors for different h and D cases (see. [2] – [7]). In the

previous papers authors assumed that h is sufficiently smooth function.
Below we will consider the case where h is nonsmooth function. In this case we will see that

considered problems are different compared to the smooth case.
Let D be bounded by the curves:

Let denote:

Let’s assume that: (2)

As can be seen above function’s first derivative by x is discontinued through the x=0 line. So the
classical problem of Dirichlet cannot be considered on the whole D domain.

Under these conditions equation (1) is the second order elliptic differential equation with singular
coefficients.
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Insert meanings of h from the equation (2) in the equation (1) we will receive two equations first on
the D1 domain second on D2 domain.

On the D1 domain equation (1) will have following expression:
(3)

and on the D2 domain -
(4)

Later we will assume that .
Let , consider following problem.
Problem 1. Find the function such that will be the solution

for the equation (3) on domain and solution of the equation (4) on the domain, and will satisfy
the following boundary condition:

(5)
To find the solution for the problem (1) we must solve the following two problems:
Problem 2. Find the function which represents the solution for the equation

(3) on the domain and satisfies the following boundary condition:

Problem 3. Find the function which represents the solution for the equation
(4) on the domain and satisfies the following boundary condition:

Let first consider the problem (2) in case where 0< m <1, 0≤ α ≤1. It is well known that for the
problem (2) to have a solution it is sufficient in each point of the boundary of the domain there exists
the function barrier (see. [8], [9]).

Definition 1. Let The function v(x, y) is called the barrier in the point if
the following conditions are satisfied at some domain of this point:

1. ;

2. only in the point

3. in

Firstly let’s construct the barrier on . Let’s show that the following function satisfies the
conditions of the barrier in each point of the where ≠0.

Condition (1) and condition (2) are easy to check. Regarding the condition (3) we will need to
perform following calculations:

.Therefore
+ +
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+ + +

Sign of above equation depends on the sign of the expression If m<1 then can be
chosen from the range 0< so that L1v<0 inthe domain.

Now let’s construct the barrier in points, which lay on the curve
Let’s show that the function below satisfies the barrier conditions.

Let’s perform following calculations:

Thus follows:
+

Therefore for each m>0 in every point of barrier exists.
Regarding the curve the equation does not degenerate and the barrier in each point

takes the following form:

Indeed

Thus follows:

As thus . We have showed that the problem 2 has a solution, proof that this
solution is unique is derived from the principle of extremes (see. [8], [9]).

Thus following theorem takes place.
Theorem 1. If 0<m<1 and 0<α≤1 problem 2 has a unique solution.
Let’s solve the problem 3. Solution to this problem is similar to the problem 2 solution. On

barrier will take the following form: if then

Indeed
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Thus follows:
+ +

+ +

Sign of above equation depends on the sign of the expression If m<1 then can be
chosen from the range 0< so that L2v<0 on the domain.

Now let’s construct the barrier in points, which lay on the curve
Let’s show that the function below satisfies the barrier conditions.

Let’s perform following calculations:

Thus follows:
+

As thus when . Thus Following theorem
takes place.

Theorem 2. If 0<m<1 and 0≤α≤1 then problem 3 has a unique solution.
If we take into account the results of the theorem 1 and theorem 2 we can state that the following is

also true:
Theorem 3. 0<m<1 and 0<α≤1 then problem 1 has a unique solution.
Now let’s consider the case when m≥1. For this case let’s consider following problem.
Problem 4. Find the function such that will

be bounded on the domain D, will be the solution for the equation (3) on domain, will be solution of
the equation (4) on the domain and will satisfy the following boundary condition:

We already found the solution to this problem, we only need to show its uniqueness. For that it is
sufficient to show that if . First let’s show that in domain. Let’s consider
the function:

Perform following calculation:
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Therefore
+ +

+
+

When . Choose the constant d such as in domain.
Assume that point exists such that . For each can be found compact

on which’s boundary following inequality will be satisfied:
∂K > 0

As on K therefore based on the principle of extremes
following inequality will be satisfied:

0

Therefore in the point following inequality is satisfied:

We get , which contradicts to our assumption. Thus in D1 domain.
Similarly we can proof that in D2 domain, thus following theorem takes place:
Theorem 4. If m≥1 and 0<α≤1 then problem 4 has a unique solution.

3. CONCLUSION
We have studied the class of problems which are correctly set for the elliptic differential equation

with order degenerate on the part of the boundary with nonsmooth coefficients. Correctness of the set
problems is defended on the degree of degenerate of the equation also on the geometry of boundary of
the considered domain.

Author expresses his sincere gratitude to Professor G. Kipiani for his attention to this work.
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gruntis pirobiTi winaRobis R0gansazRvra

simtkicis maCveneblebis mixedviT
GGG

g. WoxoneliZe, i. mSvidobaZe, g. lutiZe
(saqarTvelos teqnikuri universiteti, m. kostavas q. №77, Tbilisi,

saqarTvelo)
reziume: dReisaTvis samSeneblo normebSi sn 02.01.08 R0 - gruntis
pirobiTi winaRobis gansazRvra xdeba gruntis forianobis
koeficientisa da denadobis maCveneblebis mixedviT. Cven Semogvaqvs
winadadeba, R0 gansazRvrul iqnas gruntis simtkicis iseTi pirdapiri
maxasiaTeblebiT, rogoricaa: gruntis Siga xaxunis kuTe - φ da  kuTri
SeWiduloba - C .
sakvanZo sityvebi: grunti, simtkice, xaxunis kuTxe, kuTri SeWiduloba,
forianobis koeficienti, denadobis maCvenebeli.

1. შesavali
saqarTveloSi amJamad moqmedi samSeneblo normebiT sn 02.01.08 R0 - gruntis

pirobiTi  winaRobis gansazRvra xdeba gruntis iseTi fizikuri maxasiaTeblebis
mixedviT, rogoricaa forianobis koeficienti da denadobis maCvenebeli. orive
sidide gruntis simtkices iribad gamoxatavs. forianobis koeficientis gazrdis

SemTxvevaSi R0 izrdeba, xolo tenianobis gazrdiT, R0 mcirdeba.

vinaidan R0 gruntis simtkicis maCvenebelia, Cven gTavazobT igi
gansazRvruli iqnas simtkicis iseTi maCvenebebiT, rogoricaa gruntis Siga

xaxunis kuTe - φ da  kuTri SeWiduloba - C. statiaSi aRniSnuli

damokidebulebani mocemulia cxrilis saxiT. winadadebas vayenebT R0-is
gansazRvra ϕ da C -s saSualebiT Setanili iqnas saxelmwifo normebSi.

2. ZiriTadi nawili
gruntis pirobiTi winaRobis R0 mniSvnelobis gansazRvras didi

praqtikuli mniSvneloba aqvs, vinaidan igi xSirad safuZvlad edeba
saZirkvlis zomebis dadgenas.

saerTod, saZirkvlis zomebis dadgenisaTvis gamovdivarT gruntis

normatiuli mniSvnelobidan Rნ. igi warmoadgens saZirkvlis Zirze iseT
saSualo wnevas, romlis moqmedebis Sedegad saZirkvlis Ziris qveS misi
siganis meoTxed siRrmeze warmoiSveba adgilobrivi xasiaTis rRvevis zonebi.
am SemTxvevaSi saqme gvaqvs wnevis moqmedebis pirvel fazasTan (Semkvrivebis
faza).

fuZe-gruntebis jdomis sidide pirdapirproporciul
damokidebulebaSia moqmed wnevasTan. wnevis iseT mniSvnelobas, romelic
Seesabameba proporciulobis zRvars, pirvel kritikul wnevas uwodeben. Tu
fuZeze moqmedi wneva kidev ufro gaizrdeba, gadavdivarT fuZis deformaciis
meore fazaSi. am SemTxvevaSi aRniSnuli proporciuli damokidebuleba
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irRveva. fuZeSi warmoiSveba Zvris mTeli zedapirebi rasac moyveba gruntis
amoburcva, amitom am fazas gruntis rRvevis, an amoburcvis fazas uwodeben.
gare wnevis im mniSvnelobas, romelic meore da mesame fazis mijnaze
warmoiSveba, uwodeben meore kritikul wnevas, anu gruntis mdgradobis
zRvars. igi warmoadgens gruntis mzidunarianobis zRvars, Sesabamis wnevas
ki ewodeba zRvruli wneva.

imisaTvis, rom nagebobis mdgradoba daculi iqnas, fuZeze moqmedi wneva
naklebi unda iyos zRvrul wnevaze. maTi gansazRvra xdeba drekadobis
Teoriis safuZvelze.

formulas aqvs Semdegi saxe:

 
2/

/








ctg

tgCh
Pkr

sadac:

ɣ- gruntis bunebrivi simkvrivea, გრ/სმ3;
h- saZirkvlis CaRrmaveba, m;

φ - Siga xaxunis kuTxe, grad;
C- gruntis kuTri SeWidulobis Zala, კგ/სმ2.
rogorc praqtikam gviCvena, Tu visargeblebT zemoaRniSnuli

formuliT, saZirkvlis farTi araekonomiuri gamodis, amitom vuSvebT
fuZeSi mcire sididis plastikuri deformaciebis warmoSobas, mis Sesabamis
sidides ki ewodeba normatiuli wneva. igi ganisazRvreba formuliT:

Rნ = (Ab+Bh) ɣ  + DC
sadac: A, B, და C sidideebi  damokidebulia φ და C mniSvnelobebze da

aiReba cxrilebidan.
samSeneblo normebi moiTxovs gruntebis daxasiaTebisas gansazRvruli

iqnes R0. igi mniSvnelobiT axloa normatiul wnevasTan. igive saamSeneblo

normebiT, R0-ის gansazRvra xdeba gruntis fizikuri maxasiaTeblebiT.
saxeldobr, gruntis forianobis koeficientiTa da denadobis maCveneblebis
mixedviT. axal samSeneblo normebSi pn 02.01.08 zemoaRniSnuli

damokidebuleba  mocemulia Semdegi cxrilis saxiT.
cxrili № 1

mtvrovan-Tixovani
gruntebi

forianobis
koeficienti e

R0 კპა (კგძ/სმ2), denadobis
maCveneblis mixedviT

IL=0 IL=1

a) TixaqviSa
0.5 300(3.0) 300(3.0)

0.7 250(2.5) 200(2.0)

b) Tixnari

0.5 300(3.0) 250(2.5)

0.7 250(2.5) 180(1.8)

1.0 200(2.0) 100(1.0)

g) Tixa

0.5 600(6.0) 400(4.0)
0.6 500(5.0) 300(3.0)
0.8 300(3.0) 200(2.0)
1.1 250(2.5) 100(1.0)
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rogorc cxrili №1-dan Cans, R0 -is mniSvnelobas viRebT gruntis ori
ZiriTadi fizikuri maxasiaTeblis mixedviT - gruntis forianobis
koeficientisa da denadobis maCveneblis mixedviT. maTi arsi SeiZleba
gamovxatoT Semdegnairad, rac ufro mcirea forianobis koeficienti, miT

ufro didia R0, aseve - rac ufro svelia grunti, miT ufro mcirea R0.
Cven Semogvaqvs winadadeba, vinaidan, normatiuli wneva daxasiaTebulia

φ-სა და C-ს mniSvnelobaTa cvlilebis mixedviT, pirobiTi winaRobac
daxasiaTebuli iqnas gruntis simtkicis maCveneblebiT. am SemTxvevaSi

gveqneba pirdapirproporciuli damokidebuleba, rac ufro didia φ da C, miT
ufro didia R0.

qvemoT gTavazobT cxril №2-s, sadac R0-is mniSvnelobis gansazRvra

xdeba gruntis φ-სა da C -ს mniSvnelobaTa cvlilebis mixedviT. amrigad, R0-ს
vaxasiaTebT ara fizikuri maxasiaTeblebiT, aramed gruntis simtkicis
maCveneblebis mixedviT.

cxrili №2

mtvrovan-Tixovani
gruntebi

გრუნტის შიგა ხახუნის
კუთხე ϕ გრად

R0 კპა (კგძ/სმ2)

C=0.05-0.25 კგ/სმ2 C > 0.25 კგ/სმ2

a) TixaqviSa
1 -15 2 2.5
> 15 2.5 3.0

b) Tixnari
1 - 7 0.6 1.0
7- 15 1.0 1.5
> 15 1.5 2.5

g) Tixa

1 -5 2.1 2.5
5 - 10 3.2 3.8
10- 15 4.3 4.9
> 15 5.5 6.0

vfiqrobT rom, am TvalsazrisiT saqarTveloSi moqmedi samSeneblo
normebi pn 02.01.08 saWiroebs gadaxedvas.

3. daskvna
warmodgenili masaliT Cven vasabuTebT, rom saqarTveoSi dReisaTvis

moqmed samSeneblo normebSi, danarT 3-Si, cx.№3 umjobesia Seicvalos Cvens
mier warmodgenili cxriliT. am SemTxvevaSi gruntis simtkicis maCvenebeli

R0 isazRvreba ara gruntis simtkicis  iseTi iribi maxasiaTeblebiT,
rogoricaa forianobis koeficienti da denadobis maCvenebeli, aramed
gruntis pirdapiri simtkicis maxasiaTeblebiT, rogoricaa: gruntis Siga

xaxunis kuTxe - φ da  kuTri SeWiduloba - C .
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eqspluataciis realur pirobebSi asfaltbetonis
safarebis daRlilobiTi xanmedegobis Sefaseba

T. papuaSvili, m. sulamaniZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)

reziume: Tanamedrove Cqarosnuli intensiuri moZraobis pirobebSi
asfaltbetonis safari ganicdis satransporto saSualebebis
mravalciklur zemoqmedebas, romelsac dinamikuri xasiaTi aqvs da
iTvleba sagzao samosebis satransporto-saeqspluatacio mdgomareobis
Semcirebis da misi dangrevis erT-erT ZiriTad faqtorad. cnobilia rom
asfaltbetonis ngreva mravaljeradi datvirTvebis zemoqmedebis qveS
ganpirobebulia daRlilobis procesebiT, e.i. mikrodefeqtebis
warmoqmniT da dagrovebiT, simtkicis TandaTanobiT SemcirebiT droSi.
sakvanZo sityvebi: gza, asfaltbetoni, bitumi, sagzao safari.

1. Sesavali
sagzao safaris daRlilobiTi rRvevis sakiTxisadmi gazrdili interesi

aixsneba yovelwliurad satransporto nakadebis zrdisa erTis mxriv da
asfaltbetonis safarebis realuri samsaxuris vadis SemcirebiT meores mxriv.
swored amis gamo sagzao samosebis proeqtirebis rig sazRvargareTul
meTodebSi Runvadi fenis masalis daRlilobaze angariSi aris ZiriTadi
moTxovna konstruqciis fenebis saWiro sisqeebis gansasazRvravad.

2. ZiriTadi nawili
viTvaliswinebT ra, rom III da IV kategoriis gzebze orfeniani

asfaltbetonis safaris sisqe 10 sm-is farglebSia, yuradReba unda mieqces
daRlilobiT rRvevisadmi sawinaaRmdego RonisZiebebis damuSavebas.

araxisti sagzao samosebis gaangariSebis meTodebi unda iTvaliswinebdes
sagzao samosis konstruqciuli fenebis sisqeebis daniSvnas ZiriTadad
dasaSvebi drekadi CaRunvebis mixedviT da monoliTuri fenebis daRlilobiTi
ngrevisadmi winaaRmdegobis gadamowmebiT gaWimvisgan Runvis dros da
arabmuli konstruqciuli fenebis Zvrisadmi mdgradobis gadamowmebiT.

gamWimavi Zabvis mniSvnelobebi, romlebic warmoiSveba asfaltbetonis
fenaSi satransporto saSualebis gavlisas, icvleba wlis ganmavlobaSi
safaris temperaturuli reJimisa da miwis vakisis gruntis tenianobis
mixedviT. es niSnavs, rom asfaltbetonis fenebis angariSisas, daRlilobiTi
rRvevis winaRobaze, aucilebelia gaTvaliswinebuli iqnas regionis klimaturi
faqtorebi, maSin roca moqmed normatiul dokumentSi asfaltbetonis
drekadobis moduli miRebulia erTnairi yvela sagzao klimaturi zonisaTvis.

konstruirebis tradiciuli meTodi iTvaliswinebs fenebis ganlagebis
simtkicis maxasiaTeblebis klebiT siRrmeSi, safaris qveda fenas awyoben
forovani asfaltbetonisagan romelic nakleb winaaRmdegobas uwevs
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daRlilobiT rRvevas. amasTan qveda fenis mowyoba ufro didi drekadobis
modulis mqone masaliT SeuZlebelia vinaidan am SemTxvevaSi SeuZlebeli
iqneba misi gaangariSeba dasaSvebi drekadi CaRunvebis meTodiT.

safaris fena unda SeirCes ise, rom wlis cxel periodSi adgili qondes
minimalur nakvalevs, xolo mkvrivma qveda fenam bitumis gazrdili
SemcvelobiT unda uzrunvelyos Runvisas daRlilobis maRali winaRoba.
ganxorcielebuli kvlevebi da saavtomobilo gzebis eqspluataciis
gamocdileba gviCvenebs, rom sagzao samosis konstruqciuli fenebis sisqis
zrda (gansakuTrebiT arabmuli safuZvlis fenebi) intensiuri Cqarosnuli
moZraobis pirobebSi ver uzrunvelyofs sagzao konstruqciis samsaxuris
moTxovnil vadas, Tumca amaRlebs mis saerTo drekadobis moduls. sagzao
konstruqciis xangamZleobis gazrdis mizniT saWiroa axali efeqturi
konstruqciuli gadawyvetis moZieba da maTi aprobacia.

kvlevebis Sedegad dagrovilia sakmao gamocdileba masalaTa gamoyenebis
gadawyvetilebis asfaltbetonis daRlilobiT xanmedegobis amaRlebis mizniT;
asfaltbetonis forianobis Semcirebis kuTxiT; bitumis siblantis amaRlebis
kuTxiT; modificirebadi da gamaZlierebeli danamatebis SeyvaniT da
armirebadi qvesagebebis gamoyenebiT. amasTan qveynis standartebSi
asfaltbetonis narevebis mravaljeradi datvirTvis pirobebSi daRlilobis
simtkicisadmi wayenebuli meTodebisa da moTxovnebis ar arsebobis gamo
gamoricxavs asfaltbetonis narevebis Semadgenlobis mizan mimarTuli
SerCevis SesaZleblobas, rasac mivyavarT narevebis tipebis SerCevis araswor
gadawyvetilebamde, rac miuTiTebs polimeruli da armirebadi danamatebis
gamoyenebis mizanSewonilobaze.

Tanamedrove pirobebSi satransporto saSualebebi maRalCqarosnuli
intensiuri moZraobis pirobebSi sagzao samosis konstruqciuli fenebis
masalebis xangamZleobis obieqturad Sefasebis mizniT, aucilebelia
gadavideT maTi gamocdis axal meTodebze, romlebic Seesabameba satransporto
nakadis realur datvirTvis zemoqmedebas.

gamocdis aseTi meTodebi xorcieldeba mraval qveyanaSi. evropuli
standartebis proeqtis mixedviT (EN 12697-24), magaliTisaTvis, daRlilobiTi
simtkicis gansazRvra xorcieldeba datvirTvis sixSiris 10 hc, 25 hc, agreTve
sixSiris diapazonSi 1 hc-dan 60 hc-mde.

amgvarad asfaltbetonis safarebis daRlilobiTi xanmedegobis amaRlebis
problemebis gadawyveta unda iyos yovelmxrivi da kompleqsuri, romelic
moicavs:

araxisti sagzao samosebis proeqtirebis stadiaze-asfaltbetonis
safarebis angariSs daRlilobiT xanmedegobaze datvirTvis
gansakuTrebulobis gaTvaliswinebiT, mocemul klimatur pirobebSi wlis
gansxvavebul periodSi;

asfaltbetonis safaris daRlilobiTi xangamZleobis gazrdis
konstruqciuli gadawyvetis efeqturobis analizi;

asfaltbetonis narevebis daRlilobiTi simtkicis gamocdis
ganxorcieleba mravaljeradi datvirTvisas Semadgenlobis SerCevis mizniT,
romelic uzrunvelyofs asfaltbetonis mocemul saeqspluatacio Tvisebebs;
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saavtomobilo gzebis eqspluataciis stadiaze satransporto saSualebebis
dinamikuri zemoqmedebis maxasiaTeblebis angariSi sagzao samosis faqtiuri
sisworis gaTvaliswinebiT;

eqspluataciaSi myofi asfaltbetonis safarebis daRlilobiTi
xanmedegobis angariSi da sagzao safaris narCeni resursis prognozireba
realuri datvirTvis gaTvaliswinebiT.

safaridan amoRebuli asfaltbetonis daRlilobis simtkicis gamocdis
ganxorcieleba;

pirvel etapze xorcieldeba asfaltbetonis safaris dinamikuri
datvirTvis  maxasiaTeblebis angariSi mocemul saavtomobilo gzaze wlis
ganmavlobaSi.

sagzao safaris sisworis saeqspluatacio maxasiaTebeli da moZraobis
Cqarosnuli reJimi gansazRvravs satransporto saSualebebis dinamikuri
zemoqmedebis sixSirul maxasiaTeblebs. sagzao datvirTvis dinamikuri
maxasiaTeblebis angariSi xorcieldeba damuSavebuli maTematikuri modelis ,,
sagzao konstruqcia-grunti“ gamoyenebiT satransporto nakadis mocemuli
SemadgenlobisaTvis. amasTan iTvaliswineben klimaturi faqtorebis sezonur
cvlilebas, romelic damaxasiaTebelia mocemuli regionisaTvis. es meTodi
(saangariSo-Teoriuli) SeiZleba gaTvaliswinebuli iqnas rogorc axali
sagzao konstruqciis proeqtirebisas gacilebiT efeqturi da xangamZle
asfaltbetonis safaris dasabuTebisaTvis, agreTve saavtomobilo gzebis
eqspluataciisaTvis sagzao samosis narCeni resursis gaangariSebisaTvis
satransporto nakadis realuri dinamikuri zemoqmedebisas. eqspluataciaSi
myofi sagzao samosebisaTvis mizanSewonilia gamoyenebuli iqnas
eqsperimentaluri meTodi, romlis drosac asfaltbetonis safaris datvirTvis
dinamikuri maxasiaTeblebi ganisazRvreba naturaluri gazomvebis procesSi
vibrogamzomi kompleqsis gamoyenebiT. meore etapze xorcieldeba
asfaltbetonis xanmedegobis angariSi datvirTvisas saeqspluatacio reJimis
pirobebSi.

eqspluataciaSi myofi saavtomobilo gzis safaridan amoRebuli
asfaltbetonis daRlilobiT rRvevaze gamocda datvirTvis realuri reJimis
pirobebSi, saSualebas iZleva gavakeToT prognozi asfaltbetonis safaris
narCen resursze da dasabuTebulad davniSnoT saremonto samuSaoebis saxeebi
da vadebi.

3. daskvna
- Tanamedrove Cqarosnuli intensiuri moZraobis pirobebSi satransporto
saSualebebis zemoqmedeba sagzao konstruqciaze atarebs gamokveTil
dinamikur xasiaTs, rac iwvevs datvirTvebis zrdas sagzao konstruqciaze
da asfaltbetonis safaris daRlilobiT xanmedegobis Semcirebas.

- Cvens qveyanaSi gamoyenebuli daRlilobiT gamowveul rRvevisadmi
monoliTuri fenebis winaRobaze sagzao samosebis angariSi
arasrulyofilia, gaaCnia rigi naklovanebebisa, rac ar iZleva
proeqtirebis stadiaze miRebul iqnas optimaluri gadawyveta
asfaltbetonis safaris daRlilobiT xanmedegobis gazrdis mizniT.
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sagzao konstruqciis xanmedegobis gazrdis mizniT saWiroa axali  efeqturi
konstruqciuli gadawyvetebis moZieba da aprobacia, magaliTad,
asfaltbetonis safarebis qveda fenebis mowyoba mkvrivi narevebisagan bitumis
gazrdili SemcvelobiT, rac uzrunvelyofs daRlilobisadmi maRal winaRobas
Runvis dros; armirebadi Sreebis mowyoba da sxva. standartebSi
asfaltbetonis narevebisadmi mravaljeradi datvirTvisas daRlilobis
simtkicis kuTxiT wayenebuli moTxovnebiT da meTodebiT ar arsebobis gamo
SeuZlebelia asfaltbetonebis narevebis mizan mimarTuli SerCeva gazrdili
daRlilobis simtkiciT, rasac mivyavarT araswor gadawyvetilebamde narevebis
tipebis SerCevis dros. sagzao samosis konstruqciuli fenebis masalebis
xanmedegobis obieqturi gansazRvris mizniT aucilebelia gadavideT maTi
gamocdis axal meTodebze, romelic Seesabameba datvirTvis pirobebis mixedviT
satransporto nakadis realur dinamikur zemoqmedebas. satransporto nakadis
dinamikuri zemoqmedeba sagzao samosze damokidebulia sagzao samosis
sisworeze da moZraobis Cqarosnul reJimze.
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АЛГОРИТМ ОПРЕДЕЛЕНИЯ АМПЛИТУДНО-ЧАСТОТНЫХ
ХАРАКТЕРИСТИК СТРУКТУРНО-НЕОДНОРОДНЫХ

ПРИЗМАТИЧЕСКИХ КОНСТРУКЦИЙ

Кахидзе Джумбер Юсупович*, Вазагашвили Мамука Гивиевич**
*(Батумский государственный университет им. Шота Руставели, ул. Ниношвили 35,

6010, Батуми, Грузия)
**(Грузинский технический университет, ул. М. Костава 77, 0175, Тбилиси, Грузия)

Резюме: приводится описание структуры програмного комплекса по определению
динамических характеристик структурно-неоднородных призматических конструкций.,
режимов его работы
Ключевые слова: алгоритм; амплитуда; призматическая конструкция; программа.

1. Введение
Один из более узких, но достаточно широко применяемых классов является класс

тонкостенных призматических оболочечных конструкций, представляющих собой произвольную
композицию из цилиндрических оболочек некругового сечения и прямолинейных стрингеров.
Для расчёта таких конструкций более эффективным является применение дискретно-
континуальной модели.

В настояшее время хорошо разработаны методы, алгоритмы и программы решения задач
статики и динамики тонкостенных призматических конструкций, изготовленных из упругого
материала [1, 2], а также тонкостенных структурно-неоднородных конструкций из оболочек
вращения и шпангоутов [3, 4]. Настоящая статья посвящена разработке методов, алгоритмов и
программ определения динамических хзарактеристик тонкостенных структурно-неоднородных
призматических конструкций.

2. ОСНОВНАЯ ЧАСТЬ
Алгоритм определения амплитудно-частотной характеристик (зависимость напряжённо-

деформированного состояния от частоты возбуждающей нагрузки ω) структурно-неоднородных
призматических конструкций из вязкоупругого материала для п-й гармоники разложения
внешних нагрузок в ряды Фурье по координате заключается в последовательном выполнении
следующих этапов.

1. Вычисление коэффициентов , и матриц и преобразований по
формулам (2.77),(2.79).

2. Вычисление матриц, и векторов для каждого оболочечного элемента.
3. Вычисление матриц жесткости для каждого стрингерного элемента.
4. Вычисление комплексных коэффициентов вязкоупругих эпюр.
5. Вычисление комплексных коэффициентов вязкоупругих связей.
6. Формирование системы;разрешающих уравнений метода перемещений.
7. Модификация матрицы в соответствии с граничными условиями.

8. Решение этой системы, то есть определение узловых перемещений .
9. Определение компонента напряженно-деформированного состояния стрингерных

элементов.
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10. Определение краевых смещений оболочечных элементов по формулам

, .
11. Определение компонентf напряженно-деформированного состояния каждого

оболочечного элемента.
Указанный алгоритм реализован в виде стандартной проблемно-ориентированной

процедуры APD05Z на алгоритмическом языке ПЛ/1.
Заголовок этой процедуры имеет вид

APD05Z: PPOC(NR,NA,NB,NG,GR,MECHR,SL,NS,NC,NH,GS,GEOMP,
МЕСНSZ, NА1, NS1,NHA,NHS, МЕСHSA, MECHSS,
NX,XS,MS,NP,GA,NQ,NQR,QR,OMEGAR,QXYZ1,
YR,YER,YQR,YS,YQS);
DСL (NB,QR,NH,GS,GS1,NHS,XS,(QR)(*,*),

(MECHR, GEOMP, MECHSZ, MECHSA, MECHSS, QXYZ1 )ENTPY,
(MS,GA)(*),
(YR,YER,YQR,YS,YQS)(*,*) FLOAT(16)CPLX;

NQ – число волн в продольном направлении;
NQR – число нагруженных узлов;
QR(1:NQR,Q:4) – массив, к-я строка которого содержит величины: порядковый-номер

нагруженного узла; амплитуды нагрузок , , , ;
OMEGLAR - круговая частота гармонического возбуждения;
QXYZ1 - процедура вычисления внешних поверхностных нагрузок.
Чтобы воспользоваться процедурой QXYZ1, необходимо запольнить массив чисел

QS(1:NQS,0:6), где NQS - число нагруженных, типов оболочечных элементов (табл. 1).
Табл. 1.

QS P qxo q12 q20 q2C qZO qZℓ

1⋯
NQS

В результате выполнения процедуры АPD5Z ее выходные параметры принимают
принимают следующие значения:

YR(1:NR,1:4) - массив узловых смещений , , , ;
YER(1:NG,1:4) - массив деформаций ε, , , стрингеров;
YQR(1:NG,1:4) - массив усилий T, Mx, My, M в стрингерах;
YS(1:М,1:8) - массив, s-я строка которого содержит величины , , , , , ,

, в s-й точке ортогонализации (в глобальной нумерации);
YQR(1:М,1:8) - массив, s-я строка которого содержит величины , , , , , ,

, в s-й точке ортогонализации.
Процедура PDO5Z является проблемно-ориентированной процедурой определения

амплитудно-частотных характеристик структурно-неоднородных призматических конструкций
из вязкоупругого материала.

Управляющие программы, использующие разработанные процедуры APV052 и AED052,
могут быть организованы в виде проблемно-ориентированных и объектно-ориентированных
программ расчета.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(39), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

76

Под проблемно-ориентированной программой расчета в данном случае понимается
программа, организованная таким образом, что сохраняется большая свобода в выборе
геометрических и механических характеристик оболочечных элементов, в описании
реологических свойств материала оболочек, стрингеров, опор, связей, и описании характера
внешних силовых воздействий. Это достигали использованием алгоритмического ввода
исходных данных, описывающих геометрические и механические характеристики оболочечных
элементов, стрингеров, опор, сзязей, внешние воздействия. Все это позволяет расширять
возможности проблемно -ориентированной программы и применять ее для расчета самых
различных объектов, но требует при этом от пользователя достаточных знаний основ
программирования, обращения с внешними устройствами и т.д.

В отличие от проблемно-ориентированной программы расчета объектно-ориентированная
программа жестко привязана к конкретным объектам в отношении возможных форм геометрии и
механических характеристик, внешние воздействий. Эта программа требует минимума входной
информации, привязанной к чертежной документации объекта, и не требует никакой
дополнительной программной подготовки к ее работе, кроме подготовки числовых исходных
данных, и следовательно, никаких познаний в области программирования, т.е. может
использоваться на уровне технического персонала.

Обращение к объектно-ориентированной программе осуществляется с помощью
следующих управляющих предложений:
<ИМЯ ЗАДАНИЯ> JOB <УЧЕТНАЯ ИНФОРМАЦИЯ ВЫЧИСЛИТЕЛЬНОГО ЦЕНТРА>

EXEC APMCM,V=CAFCMØ
DL=<ИМЯ БИБЛИОТЕКИ ЗАГРУЗОЧНЫХ М0ДУЛЕЙ>,
МL=<ИМЯ ОБЪЕКТНО-ОРИЕНТИРОВАННОЙ ПРОГРАММЫ>,
DS=< ИМЯ БИБЛИОТЕКИ ИСХОДНЫХ МОДУЛЕЙ>,
МS=<ИМЯ МОДУЛЯ С ПАКЕТОМ ИСХОДНЫХ ДАННЫХ>
На объектно-ориентированные программы расчета структурно-неоднородных

призматических конструкций из вязкоупругого материала наложены следующие ограничения:
a) в отношении геометрических форм оболочечных элементов-пластина и цилиндр

эллиптического поперечного сечения;
b)в отношении реологических свойств материала оболочечных элементов, стрингеров, опор и

связей - ядро;
c) в отношении внешних воздействий - линейное распределение нагрузок по координате

каждого оболочечного элемента.
Предусмотрены два режима работы объектно-ориентированных процедур - автономный и

диалоговый.
Для работы в автономном режиме разработаны две программы:
SРØ1ØZ - программа определения частот и форы колебаний;
SPØ2ØZ - программа определения амплитудно-частотных характеристикю
Для работы в диалоговом режиме также разработаны две программы с тем же

функциональным назначением: SPØ11Z и SPØ21Z.
Диалоговый режим работы а алгоритмами определения динамических характеристик

структурно-неоднородных призматических конструкций из вязкоупругого матриала
ориентирован на использование алфавитно-цифровых дисплеев типа ЕС-7927 и диалоговую
систему коллективного пользования ОЕС.

Диалоговый режим работы с алгоритмами определения динамических характеристик
структурно-неоднородных  призматических конструкций заключается в следующем.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(39), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

77

Проектировщик вызывает на экран дисплея макет таблиц программы, реализующей
решение необходимой задачи. Листая страницы экрана нажатием клавиши ’'ВВОД", он
последовательно заполняет таблицы-ал&эде.та необходимой информацией в соответствии с
инструкцией.

Последовательньш нажатием клавиши “ВВОД" проектировщик может осуществить
повторный просмотр исходных данных, после чегo производится запуск программы на счет. С
экрана дисплея проектировщк может следить за ходом решения задачи и получить информацию
о его завершении.

После завершения решения проектировщик вызывает на экран дисплея таблицы с
результатами решения.

Проанизировав результаты.решения, проектировщик может вновь вызвать таблицы с
исходными данными, скорректировать их, изменив, например, толщины слоев или параметры
ядер релаксации и т.д., и вновь повторить решение.

В любой момент проектировщик может получить на АЦПУ твердую копию с таблицами
исходных данных и результатов решения, высвечивающихся на экране дисплея, а при
необходимости и полный комплект документации по расчету.

Диалоговый режим работы с программным комплексом решения задачи об определении
динамических характеристик структурно- неоднородных призматических конструкций при
использовании системы коллективного пользования ЕС осуществляется с помощью слeдующих
простых команд.

Командой
<ИМЯ БИБЛИОТЕКИ ИСХОДНЫХ МОДУЛЕЙ>
вызывается для работы библиотека исходных модулей (например, АРМСМ), содержащая

макеты таблиц с исходными данными. В эту же библиотеку размещаются программно таблицы с
результатами решения.

Командой
#R PI1Ø (а)

на экран дисплея вызывается макет таблиц исходных данных.
Нажатием клавиши “ВВОД" осуществляется листание страниц экрана и заполнение

таблиц.
Командой

#PZ10#R APMPØ (б)
таблицы с исходными данными размещаются в библиотеке исходных модулей, а на экран

вызывается макет таблицы с программой расчета и инструкцией к ней.
Командой

#MNJ или (в)
#DA1 (г)

можно следить за ходом решения задачи.
Командой

#C1#R PR10                                                                                                                      (д)
на экран дисплея вызываются таблицы с результатами решения.
Командой
#R PZ10
вызываются на экран дисплея таблицы с исходными данными для их корректировки. После

этого повторяются команды (б)-(д).
Командой
#E
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заканчивается работа с библиотекой исходных модулей.
Диалоговый режим работы с алгоритмами определения динамических характеристик

структурно-неоднородных призматических конструкций имеет следующие ограничения: число
узловых элементов не должно превышать 26, число оболочечных элементов – 33, чмсло
вязкоупругих опор 26, число вязкоупругих связей – 26, число слоёв.

3.  Заключение
Разработана методика и алгоритм численного решения задачи об определении

динамических характеристик структурно-неоднородных призматических конструкций,
основанные на использовании комбинации метода перемещений и метода ортогональной
прогонки С.К. Годунова, даны оценки практической сходимости и точности методики и
алгоритма.
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atmosferuli naleqebis gavlena arsebul anakreb
konstruqciebze

n. murRulia, b. WurWelauri, z. WurWelauri

(saqarTvelos teqnikuri universiteti, 0175 m. kostavas 77,
saqarTvelo, Tbilisi)

reziume: statiaSi gaanalizebulia q. TbilisSi, 31-e qarxnis teritoriaze
arsebuli ZiriTadi da mis momijnaved ganTavsebuli ori damxmare sawarmo
korpusebis vizualuri daTvalierebis Sedegad gamovlenili defeqtebi.
dadgenilia mzidi karkasis konstruqciebis masalaTa maxasiaTeblebi, ris
safuZvelzec Sedgenilia Sesabamisi uwyisi. Catarebuli kvlevebis
Sedegebis analizis safuZvelze, Sedgenilia rekomendaciebis da teqnikuri
eqspertizis daskvna.
sakvanZo sityvebi: efeqtebi, mzidi karkasi, bzarebi, erozia, hidroizolacia,
svet-pilinebi, gawylovaneba.

1. Sesavali
q. Tbilisis 31-e saaviacio qarxana Seiqmna 1941 wlis 15 dekembers. meore

msoflio omis dasawyisSi taganrogisa da sevastopolis (ukraina) saaviacio
qarxnebi TbilisSi iqna evakuirebuli.
TviTon q. Tbilisis #31-e qarxnis damkveTis mier sakvlevad warmodgenili

sawarmoo korpusebis Senobebi agebulia 1960-62 wlebSi. (Senobis proeqtis avtorebi
ucnobia). orientaciis TvalsazrisiT Senoba Sedgeba ori blokisagan: 1. pirveli
bloki (ZiriTadi sawarmoo korpusi #1) Sedgenilia oTxi nakveTurisagan zomebiT
48X72 m, saerTo sigrZe L=4X72=288,0 m. 2. bloki (damxmare sawarmoo korpusi #2)
Sedgenilia xuTi nakveTurisagan zomebiT 2X24X60 m. n=4 cali da 2X24X48m. n=1
cali, saerTo sigrZe L=4X60+48=288,0 m.

samSeneblo klimatologiis (pn.01.05-08)-is monacemebis mixedviT q. Tbilisis
aRniSnuli teritoria mdebareobs zRvis donidan 380 m-ze.
a) ianvris saSualo temperatura -0 dan - +20 C-mde;
b) ivlisis saSualo temperatura +250 C-dan + 280 C-mde;
sakvlevi obieqti Sedgeba sami saamqrosagan:
seqcia `d-e-1-49~. –ZiriTadi sawarmoo korpusi. Sekiduli amweebi (4 nakveTuri)

35).
seqcia `a-b-1-49~. –damxmare sawarmoo korpusi. xidura amwe (5 nakveTuri).

aRniSnuli saamqros garkveul nawilze mowyobilia sardafi.
seqcia `b-g-1-49~. –damxmare sawarmoo korpusi. xidura amwe (5 nakveTuri).

2. ZiriTadi nawili
`26~ da `27~ RerZebs Soris (`a~ da `b~ RerZebis Sua zonaSi Cangreulia

iatakis betonis fila da masze mowyobili betonis moWimva. meore bloks
garkveul nawilze mowyobili aqvs sardafi, romlis gadaxurvazec aRiniSneba
mniSvnelovani gawylovanebis ubnebi.

damxmare sawarmoo korpuss `a~ da `g~ RerZebze mowyobili aqvs Sevsebis saxiT
silikaturi aguris wyobis kedlebi. aRniSnul kedlebSi ganTavsebulia
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antiseismuri rkina-betonis sartyelebi, romlebic ar xasiaTdeba deformaciebiT,
Zalovani dazianebebiT da Sesabamisad normalur mdgomareobaSia.
aRniSnul sawarmos #2 bloks (damxmare sawarmoo korpusi) `a~ da `g~ RerZebze

mowyobili aqvs wiTeli samSeneblo aguris wyobis kedlebi, romlebSic
ganTavsebulia transformirebadi saavtomobilo WiSkrebi, Sesasvlelebi
qveiTTaTvis da Riobebi vitraJebis saxiT. aRniSnul kedlis wyobebSi aRiniSneba
ZiriTadad vertikaluri orientaciis bzarebi, atmosferuli naleqis
zemoqmedebiT erozirebuli da danestianebuli ubnebi. vitraJis seqciebiani
fanjrebi bevr adgilze Camtvreulia.

me-2 blokSi (damxmare sawarmoo korpusi) `a~ da `g~ RerZebze mowyobilia
gare rigis erTTaroiani anakrebi rkina-betonis svetebi, xolo `b~ RerZze
mowyobilia Sua rigis orTaroiani anakrebi rkina-betonis svetebi. aRniSnuli
svetebis zeda niSnulebze aRiniSneba danestianebis kvali. am svetebze ar
fiqsirdeba Zalovani deformaciebi da bzarebi.

me-2 blokSi (damxmare sawarmoo korpusi) `b~ RerZis zonaSi mowyobilia
antresolis konstruqcia, romelic Sedgeba anakrebi rkina-betonis, svetebis,
koWebis da ganivad ganTavsebuli gadaxurvis wibovani filebisagan.

me-2 blokSi `a~, `b~ da `g~ RerZebze arsebuli svetebis makavSireblad zeda
niSnulebze mowyobilia poligonaluri moxazulobis rkina-betonis wamweebi.
aRniSnuli wamweebi winaswar daZabuli tipisaa. am konstruqciebze ar aRiniSneba
Zalovani deformaciebi da bzarebi. wamweebis winawar daZabul armirebebis
xilul daboloebebze vizualurad aRiniSneba koroziisaTvis damaxasiaTebeli
niSnebi, rac ganpirobebulia saxuravis burulis uwesivrobebis gamo. aseve
aRniSnuli daboloebebi darCenili iyo Ria garemoSi, Sebetonebis gareSe.

aRniSnul sawarmoSi xidura amweebis moZraobis uzrunvelsayofad mowyobilia
amwqveSa rkina-betonis koWebi. isini ar xasiaTdebian Zalovani deformaciebiT da
bzarebiT. maT ubnebze aRiniSneba danestianebis kvali.

me-2 blokSi arsebuli poligonaluri moxazulobis wamweebis
makavSirebleblad  gamoyenebulia foladis elementebi. maTze ar aRiniSneba
Zalovani deformaciebi da bzarebi. zedapirebze aReniSnebaT koroziisaTvis
damaxasiaTebeli niSnebi.

damxmare sawarmoo korpuss `a~ da `g~ RerZebze (bolo niSnulebze)
mowyobili aqvs silikaturi aguris wyobis karnizi, romlis zeda niSnulebzec
ganTavsebuli aqvs xuTi aguri rigis simaRlis daboloeba. aRniSnuli
konstruqcia xasiaTdeba gamofituli erozirebuli da CamoSlili ubnebiT.
aRniSnuli karkasis vertikalur zedapirebidan amZvralia damcavi ruberoidis
fena, romlis mcire fragmentebia SemorCenili.

aRniSnul korpuss `1~ da `49~ RerZebze fasadur kedlebamde zona Sevsebuli
aqvs xis elementebiT, romlebic garemos zemoqmedebidan gamomdinare,
danestianebuli da obirebulia.

damxmare sawarmoo korpuss gadaxurvis anakrebi rkina-betonis wibovani
filebis zeda niSnulebze mowyobili aqvs damaTbunebeli fena, romlis
zemodanac wlebis ganmavlobaSi sxvadasxva dros mowyobili aqvs ruberoidis
sami fena, misi zedapirebi xasiaTdeba amotexili ubnebiT, ganSrevebuli da
erozirebuli zonebiT, saidanac interiierSi CaJonili garemodan mosuli
naleqebis kvali vizualurad mkveTrad aisaxeba gadaxurvis wibovani filebis
qveda zedapirebze.
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burulis fenaSi mowyobilia wyalarinebiTi sistemis Zabrebi, romlebsac rig
adgilebze momZvrali aqvs liTonis badis mcire cxaurebi.

ZiriTad sawarmoo korpusSi `e~ da `d~ gamoyenebulia anakrebi, ganStoebiani

rkina-betonis mTavari svetebi. ganStoebebSi, vertikalurad ganTavsebulia Ø32-
iani muSa armaturebi. sakidebis saxiT, gamoyenebulia Ø12-iani armaturebi, bijiT
15-20sm.

svetebis ganStoebebis SemaerTebel elementebSi gamoyenebulia Ø14-iani muSa

armaturebi. sakidebis saxiT mowyobilia Ø10-iani armaturebi, bijiT 10-12 sm.
aRniSnuli mimarTulebiT kvleva ganxorcielda urRvevi kontrolis meTodis
gamoyenebiT. miRebuli monacemebi moyvanilia cxril #1-Si. cxrili #1

ubani konstruqciis
dasaxeleba

CaquCzeaR
ebuliana
Tvali

anaTvlis
Sesabamisi
simt. mpa

simt.
kgZ /sm2

SeniSvna

1 2 3 4 5 6 7
zona `e-d-1-49 svetebi:

1 @`--------------------`@ `e-1~ 25,5 24 245
2 @`--------------------`@ `d-4~ 26,6 25 255
3 @`--------------------`@ `e-7~ 27,7 26 265
4 @`--------------------`@ `d-10~ 25,5 24 245
5 @`--------------------`@ `e-13~ 24,4 23 235

6 @`--------------------`@ `d-16~ 26 24,5 250

7 @`--------------------`@ `e-19~ 27 25,5 260
8 @`--------------------`@ `d-22~ 24,9 23,5 240
9 @`--------------------`@ `e-25~ 25,5 24 245
10 @`--------------------`@ `d-28~ 26,6 25 255
11 @`--------------------`@ `e-31~ 26,6 25 255
12 @`--------------------`@ `d-34~ 27 25,5 260
13 @`--------------------`@ `e-37~ 27 25,5 260
14 @`--------------------`@ `d-40~ 26,6 25 255
15 @`--------------------`@ `e-43~ 26,6 25 255
16 @`--------------------`@ `d-46~ 25,5 24 245
17 @`--------------------`@ `e-49~ 24,9 23,5 240

warmodgenil cxril @#1-Si TiToeul svetidan aRebulia aTi reperuli
wertilis mniSvneloba, romelTa saSualo monacemi warmoadgens TiToeul

grafaSi saSualo mniSvnelobebs. aRniSnuli vertikaluri konstruqciebisaTvis
diapazoni icvleba 235 kgZ/sm2.-dan 265 kgZ/sm2.-mde, aRniSnuli mniSvnelobebi
xasiaTdeba monacemTa umniSvnelo gabneviT, rac miuTiTebs betonis faqturis
sakmaris erTgvarovnebaze.

1. zona `e-d-1-2~-Si, (`1~RerZTan fila #3) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #2-Si. cxrili  #2

N 1 2 3 4 5 6 7 8 9 10

Vmv +85 +105 +115 +110 +120 +125 +120 +130 +125 +115

VsaS.= +115 mv. (ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.=+115mv.
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mniSvneloba 55 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde)

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.

2. zona `e-d-1-2~-Si, (`1~RerZTan fila #6) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #3-Si. cxrili  #3
N 1 2 3 4 5 6 7 8 9 10

Vmv +90 +105 +115 +112 +118 +125 +120 +130 +125 +117

VsaS.= +116 mv. (ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +116 mv.
mniSvneloba 56 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde)

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.

3. zona `e-d-1-2~-Si, (`2~RerZTan fila #1) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #4-Si. cxrili  #4
N 1 2 3 4 5 6 7 8 9 10

Vmv +95 +125 +115 +112 +118 +125 +123 +130 +125 +118

VsaS.= +119 mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +119 mv.
mniSvneloba 59 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde)

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.

4. zona `e-d-2-3~-Si, (`3~RerZTan fila #6) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #5-Si. cxrili  #5
N 1 2 3 4 5 6 7 8 9 10

Vmv +68 +70 +65 +61 +58 +67 +64 +69 +71 +62

VsaS.= +66 mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +66 mv.
mniSvneloba 6 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde)

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul minimaluri xarisxis koroziaze.
5. zona `e-d-4-5~-Si, (`4~RerZTan fila #1) repereuli wertilebidan miRebuli Sedegebi
ix. cxril #6-Si. cxrili  #6
N 1 2 3 4 5 6 7 8 9 10

Vmv +105 +100 +115 +118 +120 +116 +112 +123 +125 +119

VsaS.= +115 mv. ( ГОСТ 13819 — 68)
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rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis
miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +115 mv.
mniSvneloba 55 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde)

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.
6. zona `e-d-6-7~-Si, (`6~RerZTan fila #5) repereuli wertilebidan miRebuli Sedegebi
ix. cxril #7-Si. cxrili  #7
N 1 2 3 4 5 6 7 8 9 10

Vmv +61 +63 +67 +65 +70 +59 +60 +68 +67 +62

VsaS.= +64mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +64 mv.
mniSvneloba 4 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde). potencialTa sxvaobis dadebiTi
maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul struqturul minimaluri xarisxis
koroziaze.
7. zona `e-d-10-11~-Si, (`10~RerZTan fila #8) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #8-Si. cxrili  #8
N 1 2 3 4 5 6 7 8 9 10

Vmv +99 +105 +120 +118 +123 +125 +116 +113 +108 +117

VsaS.= +114mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +114 mv.
mniSvneloba 54 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde)

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.
8. zona `e-d-12-13~-Si, (`12~RerZTan fila #3) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #9-Si. cxrili  #9
N 1 2 3 4 5 6 7 8 9 10

Vmv +61 +63 +68 +70 +62 +71 +60 +64 +67 +63

VsaS.= +65mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +65 mv.
mniSvneloba 5 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde) potencialTa sxvaobis dadebiTi maCvenebeli
miuTiTebs CuSO4-iT  ganviTarebul struqturul minimaluri xarisxis koroziaze.
9. zona `e-d-14-15~-Si, (`15~RerZTan fila #8) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #10-Si. cxrili  #10
N 1 2 3 4 5 6 7 8 9 10

Vmv +118 +120 +123 +115 +117 +119 +122 +125 +116 +121

VsaS.= +120mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +120 mv.
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mniSvneloba 60 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde).

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT
ganviTarebul struqturul Jangvaze, rac ganpirobebulia atmosferuli
naleqebis wlebis manZilze interierSi CaJonvis gamo.
10. zona `e-d-21-22~-Si, (`22~RerZTan fila #5) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #11-Si. cxrili  #11
N 1 2 3 4 5 6 7 8 9 10

Vmv +65 +68 +61 +58 +63 +64 +66 +61 +60 +64

VsaS.= +63mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +63 mv.
mniSvneloba 3 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde).
potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul minimaluri xarisxis koroziaze.
11. zona `e-d-27-28~-Si, (`27~RerZTan fila #1) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #12-Si. cxrili  #12
N 1 2 3 4 5 6 7 8 9 10

Vmv +108 +115 +119 +121 +125 +120 +123 +124 +117 +115

VsaS.= +119mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +119mv.
mniSvneloba 59 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde).

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.
12. zona `e-d-38-39~-Si, (`39~RerZTan fila #1) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #13-Si. cxrili  #13
N 1 2 3 4 5 6 7 8 9 10

Vmv +110 +115 +119 +121 +125 +120 +123 +124 +117 +120

VsaS.= +120mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.= +120mv.
mniSvneloba 60 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde).

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.
13. zona `e-d-48-49~-Si, (`49~RerZTan fila #1) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #14-Si. cxrili  #14
N 1 2 3 4 5 6 7 8 9 10

Vmv +101 +115 +119 +121 +120 +120 +123 +124 +117 +115

VsaS.= +118mv. (ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.=+118mv.
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mniSvneloba 58 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde).

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.
14. zona `e-d-48-49~-Si, (`49~RerZTan fila #6) repereuli wertilebidan miRebuli
Sedegebi ix. cxril #15-Si. cxrili  #15

N 1 2 3 4 5 6 7 8 9 10

Vmv +110 +115 +119 +121 +116 +120 +123 +124 +117 +120

VsaS.= +119mv. ( ГОСТ 13819 — 68)
rogorc cxrilis potencialTa sxvaobis monacemebidan Cans liTonis

miTiTebul elementze ganviTarebulia struqturuli Jangva. VsaS.=+119mv.
mniSvneloba 59 erTeuliT aRemateba zedapiruli Jangvis dasaSveb diapazons.
(dasaSvebi diapazonia 0-dan +60 mv-mde).

potencialTa sxvaobis dadebiTi maCvenebeli miuTiTebs CuSO4-iT  ganviTarebul
struqturul Jangvaze, rac ganpirobebulia atmosferuli naleqebis wlebis
manZilze interierSi CaJonvis gamo.

3. daskvna
aRniSnul sardafis sarTulis kvlevisaTvis wvdomad elementebze Catarebuli

monitoringis safuZvelze dadginda, rom misi gadaxurvis zedapirze aRiniSneba
gawylovanebuli ubnebi, Sesabamisad, gadaxurvebis elementebi xasiaTdeba
deformaciebiT.

aguris wyobisagan agebuli safasade svet–pilonebis wyobaSi aRiniSneba
mravlobiTi makro da magistraluri diapazonis bzarebi. vizualurad fiqsirdeba
agurebis makavSirebeli duRabis gamofitva. misi mzidi ConCxedis torsis
konstruqciebTan SeerTebis kvanZis mowyoba 8 baliani zonis konstruqciul moTxovnebs
ar Seesabameba. saWiroa am faqtoris gaTvaliswineba proeqtirebis stadiaSi.
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damxmare korpusis SemomzRudavi da safasade elementebi (kedlebi, fanjrebi da
transformirebadi karebi) Zlier dazianebulia da eqvemdebareba aRdgena-
reabilitacias.
#1 ZiriTadi sawarmoo korpusis wyalsaizolacio (rbili saxuravi, buruli) Sre

mniSvnelovani dazianebebis gamo mosaxsnelia. aRsadgenia saxuravis perimetrze
mowyobili karnizi, romelic xasiaTdeba CamoSlili ubnebiT da deformaciebiT.
2.7.1.  meore blokis (sawarmoo korpusi #2, romelic Sedgenillia xuTi
nakveTurisagan zomebiT 2x24x60 m. n=4 cali da 2x24x48 m. n=1 cali, saerTo sigrZe
∑=4x60+48=288.0 m.) eqspluatacia saTanado proeqtis mixedviT misi aRdgena-
gaZlierebis gareSe dauSvebelia.
2.7.2. #2 sawarmoo korpusis danarT #4-Si miTiTebuli dazianebuli gadaxurvis
rkinabetonis wibovani filebi (3x6 da 1.5x6) Sesacvlelia (mosaxsnelia), amasTan
erTad unda aRiniSnos, rom gadaxurvis rkinabetonis wibovani filebis (pirveli
RerZidan 21RerZamde zomiT 1.5x6 m.,) gamoyeneba ConCxedSi arsebul rkb. wamweebze
dauSvebelia, radganac arsebuli wamwe gaangariSebulia kvanZur datvirTvebze, anu
misi zeda sartyeli ar warmoadgens garecentrulad SekumSul elementebs;
2.7.3. #2 sawarmoo korpusis wyalsaizolacio (rbili saxuravi, buruli) Sre da
rkinabetonis wibovani filebi (3x6) Sesacvlelia;
2.7.4. #2 sawarmoo korpusis ConCxeds ar gaaCnia wamweebs Soris horizontaluri
(wamweebis zeda da qveda sarTylis doneebze) kvSirebis sruli sistema. kavSirebi ar
arsebobs nakveTuris konturze da grZivad ganlagebul svetebidan pirvel
ujredebSi, anu nakveTuris wamweebi ar aris SeerTebuli horizontaluri `diskiT~,
rac gasaTvaliswinebelia proeqtirebis stadiaSi;
2.7.5. #2 sawarmoo korpusSi `b~ RerZze arsebuli antresolis sarTuli Zlier
dazianebulia, eqvemdebareba demontaJs;
2.7.6. #2 sawarmoo korpusiSi `b~ RerZze arsebuli antresolis sarTuli Zlier
dazianebulia, eqvemdebareba demontaJs;
2.7.7. #2 sawarmoo korpusebis betonis iatakebi Zlier dazianebulia da
eqvemdebareba aRdgena-reabilitacias;
2.7.8. #2 sawarmoo korpusebis saxuravidan atmosferuli naleqebis gadayvanis
sistema Zlier dazianebulia da eqvemdebareba aRdgena-reabilitacias;
2.7.9. #2 sawarmoo korpusebis SemomzRudavi da safasade elementebi kedlebi,
fanjrebi da transformirebadi (gasawevi) karebi] Zlier dazianebulia da
eqvemdebareba aRdgena-reabilitacias;
2.7.10. #2 sawarmoo korpusebis saZirkvlebi ar aris daculi atmosferuli
naleqebis zemoqmedebisagan da eqvemdebareba aRdgena-reabilitacias;
2.7.11. aguris wyobisagan agebuli safasade sveti-pilonebis mzidi ConCxedis
torecis konstruqciebTan SeerTebis kvanZis mowyoba rva baliani zonis
konstruqciuli moTxovnebs ar Seesabameba.
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Runvaze momuSave Sedgenili kveTis konstruqciebis
xangrZliv deformaciebze gaangariSeba

m. Wanturia, g. nozaZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi,

saqarTvelo)
reziume: naSromSi ganvixilulia ZabvaTa uSualo gamoTvlis meTodi
cocvadobis deformaciebis ganviTarebis gaTvaliswinebiT. msoflioSi
mimdinare ekonomikur procesebze dakvirvebam gviCvena, rom samSeneblo
biznesi yvelaze swrafad ganicdis winsvlas. gansakuTrebiT ganviTarda
maRlivi Senobebis mSenebloba, romlebSic msubuqi konstruqciebi
dominireben. aseTi tipis nagebobebSi xSirad iyeneben Sedgenili kveTis
konstruqciebs, romlebSic erToblivad muSaoben rkinabetoni da foladi,
gansxvavebuli maxasiaTeblebis rkinabetoni da a. S. Sedgenili kveTis
konstruqciebSi betonis cocvadobis zRvruli maxasiaTeblis SesaZlo
gadaxrebs -30%-dan – 45%-mde, Seesabameba koeficientis SesaZlo
gadaxrebi – 45 %-dan - + 45 %-mde, xolo -is am SesaZlo gadaxrebs
Seesabameba ZabvaTa SesaZlo gadaxrebi - 18-dan +18%-mde.
sakvanZo sityvebi: mRunavi momenti, ganivi Zala, cocvadobis maxasiaTebeli,
standarti, histograma, gausis mrudi.

1. Sesavali
msoflioSi mimdinare ekonomikur procesebze dakvirvebam gviCvena, rom

samSeneblo biznesi yvelaze swrafad ganicdis winsvlas. gansakuTrebiT
ganviTarda maRlivi Senobebis mSenebloba, romlebSic msubuqi konstruqciebi
dominireben. aseTi tipis nagebobebSi xSirad iyeneben Sedgenili kveTis
konstruqciebs, romlebSic erToblivad muSaoben rkinabetoni da foladi,
gansxvavebuli maxasiaTeblebis rkinabetoni da a.S [1,2].

2. ZiriTadi nawili
bzarebis gaCenis gareSe drekad stadiaSi momuSave betonis kveTebSi

normaluri Zabvebi ganisazRvreba Sida Zalvebze damokidebulebiT:

kveTebis geometriul maxasiaTeblebs iReben imaze damokidebulebiT, Tu
rogori kveTi ganicdis N – normaluri Zalis da - mRunavi momentis
zemoqmedebas. Tu normaluri Zala da mRunavi momenti modebulia uarmaturo

betonis kveTze, maSin da , sadac da - betonis ganivkveTis
farTobi da inerciis momentia. Tu am kveTSi gvaqvs sxvadasxva drekadobis
maxasiaTeblis mqone betonis kveTebi, gaerTianebulni erToblivi

muSaobisaTvis, maSin da , sadac da - dayvanili
(reducirebuli) kveTis farTobi da inerciis momentia. Sedgenil kveTebSi
ZabvaTa gansazRvrisas, cocvadobis gaTvaliswinebiT, unda gaviangariSoT es
sidide kveTis yvela mdgeneli erTgvarovani elementisaTvis drois nebismier
momentSi.

am naSromSi Cven ganvixilavT ZabvaTa uSualo gamoTvlis meTods
cocvadobis deformaciebis ganviTarebis gaTvaliswinebiT. mocemuli gvaqvs
rkinabetonis koWi, romelic erToblivad muSaobs rkinabetonis filasTan.
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nax. 1. Sedgenili kveTi
am SemTxvevisTvis cocvadobis maxasiaTebeli: koWisTvis-

filisTvis- inerciis momentebi: sm4 da sm4; sm2.
koeficienti, romelic iTvaliswinebs cocvadobis deformeciebis ganviTarebas
daZvelebis TeoriaSi, gamoiTvleba formuliT:

da 1.582
wonasworobis pirobebi:
1. (1)

2. =0

3. piroba, rom koWisa da filis mobrunebis kuTxeebi tolia:
(

4.B wertilis piroba:
-(( ((

5.C wertilis piroba: + ((

saboloo gamoTvlebi gvaZlevs: = - 374517,76 kg.sm. ( =-21722.03 kg.sm;

kg kg kg.

Zabvebi: mpa mpa

zemoT mocemul formulebSi monawileobs koeficienti, romelic
warmoadgens cocvadobis deformaciis maxasiaTebelis- -is funqcias [2,4].
TviTon warmoadgens SemTxveviT sidides, romelsac gaaCnia SesaZlo
SemTxveviTi gadaxrebi, romlebic gausis ganawilebis kanons emorCilebian.
aqedan gamomdinare, yvela aq moyvanili sidide warmoadgens SemTxveviT
sidides, rogorc -ze damokidebulni. mocemul naSromSi miviyvanT mxolod

koeficientis SesaZlo gadaxrebs da davadgenT misi Teoriuli ganawilebis
kanons. am statistikuri monacemebis safuZvelze igeba albaTuri (Teoriuli)
ganawilebis kanoni -is SesaZlo gadaxrebisaTvis, romelsac mocemuli

SemTxvevisaTvis aqvs normaluri ganawilebis saxe:

sadac 0.23 normaluri ganawilebis mrudis (nax.14.b) statistikuri rigis
histogramasTan (nax.14.a) miaxloebis koeficientia. -is mniSvnelobebi
mocemulia cxrilSi.
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cxrili. -is SesaZlo gadaxraTa normaluri ganawilebis simkvriveebi.
1.27 1.42 1.58 1.76 1.94 2.13 2.32 2.51 2.72 2.93 3.15 3.39 3.61
0.02 0.03 0.06 0.09 0.12 0.15 0.17 0.16 0.13 0.09 0.06 0.02 0.01

statistikuri ganawilebis rigisTvis normaluri kanonis Sesabamisoba
Semowmda kolmogorovis Sesabamisobis kriteriumiT. D=0.03 gansxvavebulobis
zomas Teoriul da statistikur sixSireebs Soris, roca cxrili
7.6.1./3./-dan Seesabameba hipoTezis samarTlianobis albaToba ,
radgan es albaToba sakmaod didia, normaluri ganawilebis kanonis misadageba
mocemuli statistikuri rigisTvis samarTliania.

nax 2. - is histograma da Teoriuli ganawilebis mrudi
cxadia, -is SesaZlo gadaxrebi gamoiwvevs kveTSi aRZrul ZabvaTa

sidideebis cvlilebas, risi gamokvlevac metad mniSvnelovania sabolood
konstruqciis saimedo muSaobisaTvis.

3. daskvna
Sedgenili kveTis konstruqciebSi betonis cocvadobis zRvruli

maxasiaTeblis SesaZlo gadaxrebs -30%-dan –45%-mde, Seesabameba
koeficientis SesaZlo gadaxrebi – 45%-dan - +45%-mde, xolo -is am SesaZlo
gadaxrebs Seesabameba ZabvaTa SesaZlo gadaxrebi - 18-dan +18%-mde.
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aRmosavleT saqarTvelos mTiani regionebis SerCeviTi
socialur-ekonomiuri kvleva

n. laRiZe
(saqarTvelos teqnikuri universiteti, kostavas q, #77, 0175, Tbilisi,

saqarTvelo).
reziume: statiaSi ganxilulia aRmosavleT saqarvelos mTian regionebSi
mizandasaxuli eqspediciebis organizeba, rac 2015 wlis ivnisi-agvistos
TveebSi ganxorcielda. eqspediciebis ZiriTad mizans warmoadgenda
aRmosavleT saqarTvelos mTiani regionebis dasaxlebaTa funqciur-
gegmarebiTi kavSirebis, mosaxleobis yofiTi pirobebisa da maTi dasaqmebis,
gzebis mSeneblobis, istoriuli Zeglebis, kulturuli memkvidreobis
kerebisa da regionSi arsebuli unikaluri landSaftebis, ekosistemebis,
biomravalferovnebis gacnoba da Sefaseba.
sakvanZo sityvebi: MmTiani regionebi, kvleva, mosaxleobis gamokiTxva.

1. Sesavali
aRmosavleT saqarTvelos mTis soflebis urbanul-socialuri da

arqiteqturul-gegmarebiTi ganviTarebis principebis konceftualuri xedvis

Camoyalibeba arasrulfasovani iqneboda masSi CarTuli regionebis (mcxeTa-
mTianeTis da kaxeTis mTiani raionebis) naturaSi vizualuri aRqmis gareSe. aqedan
gamomdinare, mizanSewonilad miviCnieT aRmosavleT saqarvelos mTian regionebSi

mizandasaxuli eqspediciebis organizeba, rac 2015 wlis ivnisi-agvistos TveebSi

ganxorcielda.
2. ZiriTadi nawili

eqspediciebis ZiriTad mizans warmoadgenda aRmosavleT saqarTvelos mTiani

regionebis dasaxlebaTa funqciur-gegmarebiTi kavSirebis, mosaxleobis yofiTi

pirobebisa da maTi dasaqmebis, gzebis mimdinare mSeneblobis, istoriuli

Zeglebis, kulturuli memkvidreobis kerebisa da regionSi arsebuli unikaluri

landSaftebis, ekosistemebis, biomravalferovnebis gacnoba da Sefaseba, rac

SeuZlebelia mxolod kamruli muSaobiT.
Tbilisidan mxceTa-mTianeTis Tu kaxeTis regionisaken mimavali

saavtomobilo gzis gaswvriv mdebare municipaluri centrebi - duSeTi, TianeTi,
yazbegi , Telavi da maT daqvemdebarebaSi myofi mimdebare dasaxlebebi,
municipaluri centrebi urbanuli TvalsazrisiT damakmayofileblad viTardeba.
mcire sagzao monakveTebze mimdinareobs infrastruqturisa da sainJinro

komunikaciebis reabilitacia. dasaxlebebSi metnaklebad gamokveTilia funqciuri

zonebi, sazogadoebrivi centrebi Sesabamisi administraciuli SenobebiTa da

infrastruqturiT. sruliad gansxvavebuli, SeiZleba iTqvas kontrastuli

mdgomareobaa regionis siRrmeSi, maRalmTian raionebSi mdebare dasaxlebebSi.
ukiduresad cud mdgomareobaSi myofi sagzao infrastruqturis gamo isini

izolirebulebi arian raionuli centrebisagan. gzis struqturebi dazianebuli
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da satransporto moZraobisTvis sruliad Seuferebelia. moZraobis intensiuroba

SeiZleba iTqvas nulis tolia. ar arsebobs dasaxlebaTa aRmniSvneli da

mimarTulebebis maCvenebeli sagzao niSnebi, sakomunokacio saSualebebi, rac

arTulebs regionSi orientacias.
arsebul dasaxlebebi sruliad moSlilia, naxevrad dangreulia saTemo da

yofili komerciuli Senobebi. mitovebuli saxlebis SemaSfoTebeli raodenoba

SeiniSneba, rac migraciis maRal doneze mianiSnebs. mkveTrad gamoxatuli

meurneobis arqauli formebi SeiniSneba. sainJinro infrastruqturac sruliad

moSlilia. regionSi darCenil mcirericxovan mosaxleobas ukiduresad cud

pirobebSi uxdeba arseboba.
amave dros, erTi SexedviT dawyebulia TianeTi-zariZeebi-Jinvalis 13-

kilometriani saavtomobilo gzaze reabilitaciis samuSaoebi. regionuli
ganviTarebis da infrastruqturis saministros informaciiT, reabilitaciis

dasrulebis Semdeg 14 soflis mosaxleobas gadaadgilebis problema moexsneba.
proeqtiT gaTvaliswinebuli sareabilitacio samuSaoebi, rogorc gvacnobes

xorcieldeba arsebuli ,,trasisa,, da misi siganis maqsimaluri SenarCunebiT.
Tumca, adgilobrivi mosavleli gzebi an trasis cvlilebebi gadis, umeteswilad,
mxolod, dablob Ria da, ZiriTadad, kultivirebul landSaftebze. rogorc

cnobilia, aRmosavleT saqarTvelos mTiani regionebis eqstremaluri klimaturi

pirobebi, zamTarSi movla-momsaxurebis ararseboba, aseve, darCenili,
arareabilitirebuli gzis cudi mdgomareoba ganapirobebda da ganapirobebs

zogierTi monakveTebis daketvas xangrZlivi periodis ganmavlobaSi, arsebuli

mdebareobis gamo, proeqtiT gaTvaliswinebuli gzis zogierTi monakveTi zamTris

periodSi mainc mudmivad zvavsaSiSi iqneba. amgvar zvavsaSiS adgilebSi winaT

irgveboda naZvebis farTo zolebi, romlebic qarsacavis funqcias asrulebda.
dReisaTvis am nargavebis nawili mniSvnelovnad SeTxelda, ukanono Cexvis gamo da

amdenad, veRar asrulebs Tavis funqcias.
SeiZleba iTqvas, rom eqspediciam kidev ufro naTlad dagvanaxa dRes

mimdinare saerTaSoriso mniSvnelobis msxvili infrastruqturuli da sameurneo
proeqtebis fonze winmswrebi regionuli strategiisa da sivrciTi dagegmvis

dokumentaciis arsebobis aucilebloba. miTumetes, rom aRmosavleT
saqarTvelos maRalmTiani regionebi floben iseT unikalur bunebriv garemosa da

resursebs, romlis mniSvnelovani nawili jer kidev ar aris, an naklebadaa

saxeSecvlili. ukve, dRes SeiniSneba bunebrivi resursebis araracionaluri

aTvisebisa formebi, ramac SesaZloa momavalSi ganapirobos bunebrivi garemos an

resursebis degradacia. amis gamo, aucilebelia iseTi meqanizmebis SemuSaveba, rac
bunebaTsargeblobas daukavSirebs mdgradi ganviTarebis principebs.

aRmosavleT saqarTvelos mTiani regionebis mosaxleobis urban-
sociologiuri kvleva dRevandeli kanonmdeblobiT ganisazRvreba rogorc

„teritoriebis fizikuri garemosa da infrastruqturis formirebisaTvis

kanonmdeblobis, ... fizikuri da iuridiuli pirebis moRvaweobis erToblivi
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saqmianobiT gansazRvruli pirobebi da procesebi,, (1 saqarTvelos kanoni

‘’sivrciTi mowyobisa da qalaqTmSeneblobis safuZvlebisSesaxeb’’. muxli 2, a)
punqti.). kanoni pirdapir migvaniSnebs qalaqTmSeneblobiTi gadawyvetilebebis

miRebis procesSi mosaxleobis monawileobis aucileblobaze. amdenad, Cvens

pirobebSi, mimdinare etapze gansakuTrebiT aqtualuria gedsiseuli koncefcia,
rac gulisxmobs mosaxleobis rols Semdegi sakiTxebis gadawyvetaSi: urbanuli

garemosadmi moTxovnilebebis, ‘’socialuri dakveTis’’ Camoyalibeba; saproeqto

gadawyvetilebebis monawile da/an Semfasebeli.
urbanul-sociologiuri kvlevis mizani iyo aRmosavleT saqarTvelos mTian
regionSi mcxovrebTa qveynis ekonomikur cxovrebaSi srulfasovani

integraciis Semaferxebeli faqtorebis gamovlena.
sociologiuri kvleva daeyrdno Tvisebrivi da raodenobrivi

sociologiuri kvlevis meTodebs. kvlevis farglebSi SemuSavda raodenobrivi

sociologiuri kvlevis struqturirebuli kiTxvari. kiTxvaris Sedgenisas

gamoyenebul iqna sxvadasxva tipis kiTxvis dasmis teqnika _ daxuruli da Ria

kiTxvebi. sul gamoikiTxa 200 mde respondenti. monacemis analizisaTvis

gamoyenebuli iqna iseTi meTodebi, rogoricaa monacemebis dajgufeba, tipologia,
faqtoruli analizi, korelaciuri analizi da a.S. kvlevaSi gamoyenebul iqna,
aseve, CaRrmavebuli gamokiTxva pirdapiri da piradi intervius saxiT, romelic,
saerTo jamSi, warmoadgens respondentTan Tavisufali formiT saubars.

interviuebi dafuZnebulia farTo speqtris Ria kiTxvebze da respondents
saSualebas aZlevs Tavisuflad da detalurad gamoxatos Tavisi azri da

damokidebuleba arsebuli problemis irgvliv.
CaRrmavebuli gamokiTxvis respondentebad mowveuli iyvnen sxvadasxva

dargis eqspertebi, aseve, samTavrobo da arasamTavrobo organizaciebisa Tu

saxelmwifo uwyebebis warmomadgenlebi, romlebsac profesiuli Sexeba aqvT

aRmosavleT saqarTvelos mTian regionSi mimdinare procesebTan. kvleva moicavs

Semdeg municipalitetebs: yazbegis, TianeTis, duSeTis, axmetis da regionul

centrs - duSeTs. procentuli Tanafardoba municipalitetebSi (yazbegi,TianeTi,
duSeTi da axmeta) gamokiTxul respondentebs Soris Semdegia: axmeta–10%,
yazbegis,TianeTis, duSeTis, –90%. SerCeviTi erToblioba ganisazRvra sxvadasxva

demografiuli, socialuri da ekonomikuri indikatorebis gaTvaliswinebiT: sqesi,
asaki, ganaTleba, Semosavali da a.S. sociologiuri kvlevis samizne jgufs

warmoadgenda 16 wels zeviT asakobrivi jgufis mosaxleoba. respondentTa

demografiuli monacemebi procentulad Semdegnairad ganawilda:
cxrili : yazbegis,TianeTis, duSeTis, axmetis municipalitetebis da

raionuli centris - duSeTis mosaxleobis urban-sociologiur kvlevaSi

monawile respondentTa demografiuli monacemebi.
respondentTa sqesi 60% qali

40% mamakaci
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respondentTa asaki 16-25 wlis _ 19%,
26-35 წლის _ 26%
36-45 წლის _ 25%
46-55 წლის _ 16%
55 da meti wlis _ 14%

respondenTa ganaTleba arasruli saS. 6%,
saSualo zogadi 22%,
saS. specialuri 51%,
umaRlesi 21%

resondenTa ojaxuri
mdgomareoba

daojaxebuli 64%,
martoxela 36%

Sinameurneobis sul.
Semadgenloba

erTsuliani _ 2%
orsuliani _ 9%;
samsuliani _ 30%
oTxsuliani _ 40%
xuTsuliani _ 19%

Sinameurneobis Tviuri

Semosavali (larSi)
100-mde _ 4%
100-200 _ 9%
200-500 _ 50%
500-1000 _ 19%
1000 da meti _ 6%
uari pasuxze _ 12%

regionis gzebis reabilitaciis sakiTxisadmi aRmosavleT saqarTvelos
mTiani regionebis mosaxleobis damokidebulebis Seswavlam aSkara gaxada Temis
yoveldRiur cxovrebaSi gamarTuli sagzao infrastruqturis arebobis

aucilebloba.
Cven mier gamokiTxuli respondentebis 80%-saTvis raionuli gzebis

rekonstruqcia erT-erT an yvelaze umniSvnelovanes sakiTxs warmoadgens. gzebis
reabilitacia rogorc pirvel, aseve meore rigis mniSvnelovan sakiTxad miaCnia

ZiriTadad 26-dan 45 wlamde asakis ekonomikurad yvelaze ufro aqtiur da

mobilur mosaxleobas,
amasTan erTad, kiTxvaze, daasaxeleT pirobebi, romlebic uaryofiT gavlenas

axdens regionis mosaxleobis mdgomareobaze, pasuxebi, adgilobrivi Temis

mxridan, Semdegnairad ganawilda:
umuSevroba

yazbegis, TianeTis, duSeTis municipaliteti, -65%,
axmetis municipaliteti-64%);
dabali xelfasi/pensia
yazbegis, TianeTis, duSeTis municipaliteti, -46%,
axmetis municipaliteti_43%);
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regionuli gzebis cudi mdgomareoba

yazbegis, TianeTis, duSeTis municipaliteti, -19%,
axmetis municipaliteti-7%;
susti socialuri dacva

yazbegis, TianeTis, duSeTis municipaliteti, -18%,
axmetis municipaliteti-17%;
warmoebuli produqciis gasaRebis sirTule

yazbegis, TianeTis, duSeTis municipaliteti, -19%,
axmetis municipaliteti -5%);
mewarmeobis ganviTarebis araxelsayreli pirobebi

yazbegis, TianeTis, duSeTis municipaliteti, -16%,
axmetis municipaliteti-8%);
did qalaqebidan dacileba

yazbegis, TianeTis, duSeTis municipaliteti, -11%,
axmetis municipaliteti-15%);
rogorc gamokvlevam daadastura, aRmosavleT saqarTvelos mTiani

regionebis mosaxleobis socialur-ekonomikuri garemos gaumjobeseba,
respondentTa azriT, uSualod ar ukavSirdeba mxolod regionis satransporto

infrastruqturis ganviTarebas. mosaxleobisaTvis ufro mwvavea sxva sicialuri

problemebi, kerZod dabali xelfasebis/pensiebisa da umuSevrobis sakiTxebi.
amrigad, kvlevam aCvena, rom aRmosavleT saqarTvelos mTiani regionebis

satransporto infrastruqturis rekonstruqciis masStabebisa da Sedegebis

Sefaseba respondentebisaTvis sakmaod rTulia, radgan miuxedavad

satransporto infrastruqturis gaumjobesebisadmi dadebiTi ganwyobisa,
mosaxleobaSi calsaxad dadebiTi molodinebi regionis ganviTarebis

perspeqtivebTan mimarTebaSi ar aris Camoyalibebuli. respondentebis mier aqcenti

keTdeba ZiriTadad gzis aRdgeniT dazogil droze, vidre imaze, Tu rogor
imoqmedebs satransporto infrastruqturis reabilitacia regionis sxvadasxva

sferos ganviTarebaze.
meurneobriobis axali formebis gaucnobiereblobas. mosaxleoba jer-

jerobiT ver riskavs fermeruli saqmianobis wamowyebas, an kooperativebis Seqmnas

an sxva organizaciuli formebis Camoyalibebas. mosaxleoba elodeba miwis

reformis ufro garkveul da saimedo sakanonmdeblo aqtebis miRebas. amasTan maT

ar gaaCniaT ekonomikuri codna im doneze, rom damoukideblad eweodnen sawarmoo

saqmianobas. isini naklebad icnoben marketingsa da adgilobrivi bazris

koniunqturas. isini ZiriTadad Tavs arideben risks, romelSic yovelnairad unda

daexmaros xelisufleba.
sazRvargareTis qveynebSi gamoiyeneba termini “adamianuri resursebi”,

romelic emTxveva “SromiTi resursebis” arss. SeiZleba iTqvas, rom SromiTi
resursebis raodenoba damokidebulia mosaxleobis ricxovnobaze, aseve
oficialurad dadgenil Sromisunarianobis asakze.
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SromiT resursebze saubrisas mniSvnelovania SromiTi resursebis
asakobrivi srtuqturis daxasiaTeba. maTi asakobrivi struqtura Sedgeba oTxi
ZiriTadi jgufisagan. kerZod;  1. axalgazrdebi 16-29 wlis; 2. saSualo asakis (30-49
wlis) mosaxleoba; 3. wina sapensio asakis 50-60 (qalebi), 50-65 wlis (kacebi);  4.
sapensio asakis (60 da meti wlis) qalebi, kacebi (65 da meti wlis). mosaxleoba
(samuSao Zala) qveyanaSi 2015 wlisTvis sagrZnoblad Semcirda,

axalgazrdebi amjobineben did qalaqebSi (ZiriTadad dedaqalaqSi)
saswavleblad an samuSoad gadasvlas. am mxriv gansakuTrebiT savalalo
mdgomareobaa regionis maRalmTian soflebSi. magaliTad, kvlevis safuZvelze
davadgineT, rom maRalmTian soflebSi ZiriTadad moxucebulebi arian darCenilni
da zamTrobiT isinic SvilebTan barSi Camodian, ris gamoc sofeli mTlianad
icleba. Tu saswrafo zomebi ar iqneba miRebuli xelisuflebis mxridan or aTeul
weliwadSi maRalmTiani soflebi SesaZloa mosaxleobis gareSe darCes.

kvlevis Sedegad gamovlinda aRmosavleT saqarTvelos mTiani regionebis
ekonomikasa da infrasturqturasTan dakavSirebuli problemebi:

regionuli da municipaluri sagzao infrastruqturis araadekvaturi

mdgomareoba (kvlevis Catarebis momentisaTvis);
sazogadoebrivi transportis aradamakmayofilebeli momsaxureba;
umuSevrobis maRali maCvenebeli;
mosaxleobis Semosavlebis dabali done;
regionidan sazRvargareT adamianebis migracia (sezonuri migracia,

saswavleblad, samuSaod da a.S).
kvlevis Sedegebis mixedviT arsebul mdgomareoba nawilobriv gaumjobesdeba

Tu realurad ganxorcieldeba regionTaSorisi funqciur-gegmarebiTi
kavSirebis gamaZlierebeli Sesabamisi sagzao infrastruqturis mSenebloba-
reabilitacia, iarsebebs saqarTveloSi cxovrebisa da saqmianobis xelSemwyobi

pirobebi. am mdgomareobis gaTvaliswinebiT, iniciativebi, romlebic miznad
daisaxavs saqarTvelos mTianeTis infrastruqturis reabilitacias da regionul

satransporto qselebTan Semdgom integracias, mniSvnelovani wingadadgmuli
nabiji iqneba qveynis erovnuli integraciisaken mimarTuli Zalisxmevis

gaZlierebisTvis.
3. daskvna

amrigad, saqarTvelos gansaxlebis sistemis funqcionirebaSi monawileobs

ara marto am sistemis taqsonomiuri erTeulebi, aramed sazogadoebrivi cxovrebis

yvela sfero da segmenti. amdenad, Catarebuli kvleva warmoadgens aRmosavleT
saqarTvelos mTiani regionebis formirebis mravalmxrivi diskusiis inicirebis

mcdelobas, romelic, sabolood, saqarTvelos gansaxlebis mdgradi sistemis

Camoyalibebis safuZveli gaxdeba.
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bunebrivi kalTebis mdgradobis uzrunvelyofa
gruntulankerebiani rkinabetonis sayrdeni kedlebiT.

S. baqaniZe, b. surgulaZe,  k. iaSvili.
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)

reziume: ganxilulia bunebrivi kalTebis mdgradobis uzrunvelmyofi
gruntulankerebiani rkinabetonis sayrden kedlebSi gruntuli ankerebis
ganTavsebis ori varianti: erT iarusad sayrdeni kedlis zemo nawilSi
da 2 iarusad, ankerebis ganTavsebiT rogorc kedlis zemo nawilSi, aseve
saZirkvelSi maTi Camagrebis adgilze. teqnikur-ekonomikuri
gaangariSebis safuZvelze gamovlenilia xelsayreli konstruqciuli
gadawyveta.
sakvanZo sityvebi: bunebrivi kalTebi, mdgradoba, sayrdeni kedeli,
gruntuli ankeri, konstruqciuli gadawyveta.

1. Sesavali
cnobilia, rom bunebrivi kalTebis mdgradobis uzrunvelsayofad

xSirad gamoiyeneba gruntulankerebiani monoliTuri rkinabetonis sayrdeni
kedlebi. isini, kedlis SedarebiT dabali simaRlisas (5-6 metri), rogorc wesi,
sruldeba erT iarusad ganTavsebuli (kedlis zemo nawilSi) gruntuli
ankerebiT, romlebic Tavis Tavze iReben kedelze gruntis dawnevisagan
aRZrul  gadambrunebel moments, magram ver ewinaaRmdegebian kedlis
mocurebis (Zvris) Zalas, ris gamoc kedlis sayrden filasa da fuZe-grunts
Soris xaxunis Zalis gazrdis mizniT saWiroa sayrdeni filis siganis gazrda,
rac amaRlebs maslebis xarjs.

winamdebare naSromSi ganxilulia gruntuli ankerebis mowyoba kedlis
qveda donezec, saZirkvelSi misi Camagrebis adgilze. aseT SemTxvevaSi aRar
iqneba saWiro saZirkvlis filis mowyoba, aramed moewyoba lenturi
saZirkveli, romelic daproeqtdeba mxolod sayrdeni kedlis (vertikaluri
filis) masisagan gamowveul Zalaze.

naSromSi Sesrulebulia sayrdeni kedlis konstruqciuli gadawyvetis
zemoT aRniSnuli ori variantis SedarebiTi analizi teqnikur-ekonomikuri
TvalsazrisiT, ricxviTi magaliTis safuZvelze.

1. ZiriTadi nawili

gaangariSebisaTvis miviRoT Semdegi sawyisi monacemebi:
gruntis saxeoba-wyalnajeri Tixnari, sayrdeni kedlis simaRle-6 m;  Canayari

gruntis daxris kuTxe-150 ; sayrden kedelze gruntis dawneva E=28 t; betonis
klasi B20 (naSromSi misi gaangariSeba ar mogvaqvas, radgan igi cnobilia).
gaangariSeba Sesrulebulia sayrdeni kedlis 1 grZivi metrisaTvis.

I  tradiciuli, erT iarusad ganTavsebuli gruntulankerebiani
sayrdeni kedlis gaangariSeba (kedlis konstruqciuli sqema ix.nax 1)
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nax. 1. sayrdeni kedlis konstruqciuli sqema
gruntuli ankeri daxrilia horizontis mimarT 150-iani kuTxiT. kedlis

statikuri gaangariSebis Sedegad ankeris mWimSi aRZruli Zalვis
horizontaluri proeqcia tolia NN=9,7 ტ, xolo mWimSi aRZruli Zalვa NN1=10,0
t. sayrdeni kedlis konstruqciuli gaangariSebis Sedegad  miRebulia misi

daarmatureba nax.2-is mixedviT.

nax. 2. sayrdeni kedlis daarmatureba.
gruntuli ankeris gaangariSeba

ankerebi ganTavsebulia 1 iarusad, kedlis zemo nawilSi, bijiT 1 m. ankeris
mWimis diametri Ø25 A –III; gruntis Siga xaxunis kuTxis (φ=230) da horizontis
mimarT ankeris mWimis daxris kuTxis (ω=150) gaTvaliswinebiT misi sigrZea 8,4 m,
xolo masa 32,3kg gruntSi ankeris Camagrebis (CakeTebis) gaangariSeba

1.sawyisi monacemebi gasaangariSeblad:
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ib NF  2gaangariSeba warmoebs Semdegi pirobis dacviT: (1.)

sadac:

Fi_aris gruntSi ankeris Camagrebis (CakeTebis) zonis mzidunarianoba, ტ;
Ni _ ankeris mWimSi aRZruli gamWimavi Zalva, t;

(2) tgPdlKmF bbpj 

sadac:

m;diametri,WaburRilis-

0,2);-0,4isTixebisaTviiskonsistencsxvadasxva0,5;-Tvis(qviSebisa

mixedviTlebisdamokidebuwnevazeasinecirebisasmdgomareobdaZabul

gruntisgaremoebsiTvaliswinromelici,koeficient _

)(iakoeficientobiserTgvarovngruntis

d

m

KK

p

6,0

0,42447).da23visTixnarisaTi(wyalnajer

kuTxexaxunisSigagruntis

t/msidide,wnevisnamatiasinecirebiszonaSiCamagrebis _

m;sigrZe,CamagrebisgruntSiankeris

0

2











tg

p

l

b

b

;

2. gruntSi ankeris Camagrebis ზონის gaangariSeba

Fj=0.6*0.4*3.14*0.55*2.0*60*0.42447=21.1t>2N1=2.10=20.0 t
sayrdeni kedlis armaturis specifikacia mocemulia cxrilSi 1

II SemoTavazebuli, 2-iarusad ganTavsebuli gruntlankerebiani sayrdeni
kedlis gaangariSeba

sayrdeni kedlis konstruqciuli sqema mecemulia naxazze 3. xolo saangariSo
sqema nax 4.

nax. 3. sayrdeni kedlis konstruqciuli sqema.

nax. 4. sayrdeni kedlis saangariSo sqema.
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kedlis gruntis dawnevis (E) modebis wertilidan  gruntuli ankerebis
erTnair manZilze ganTavsebis SemTxvevaSi, maT mWimebSi aRiZvreba erTnairi

GgamWimavi Zalvebi da maTi horizontaluri proeqcia toli iqneba N=14.0 ტ,
xolo mWimebSi aRZruli Zalva -14.5 t. sayrdeni kedlis konstruqciuli

gaangariSebis Sedegad miRebulia misi daarmatureba nax 5-is mixedviT.

nax.5. sayrdeni kedlis daarmatureba
gruntuli ankerebis gaangariSeba

ankerebi ganTavsebulia 2-iarusad, bijiT 1 m. ankeris mWimis diametri Ø 28 A-III.
maTi sigrZeebia: qveda iarusis-4.5 m; zeda iarusis-8.9 m (nax 6)

nax. 6. sayrden kedelSi gruntuli ankerebis ganTavseba.
gruntSi ankeris Camagrebis zonis gaangariSeba:
Fj=0.6*0.4*3.14*0.6*2.5*60*0.42447=28.8t ≈2N1=14.5*2=29.2t
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III. Sesadarebeli variantebis SedarebiTi analizi teqnikur-ekonomikuri
maCveneblebis mixedviT

sayrdeni kedlebis tradiciuli da SemoTavazebuli konstruqciuli
gadawyvetebis armaturebis specifikaciebi kedlis 10 grZivi metrisaTvis
mocemulia cxrilSi 1; masalebis xarji -cxrilSi 2; teqnikur-ekonomikuri

maCveneblebi - cxrilSi 3; teqnikur-ekonomikuri maCveneblebis შედარება.
ცხრილში 4

cxrili 1. armaturis specifikacia

s
ay
r
d
en
i

ke
d
l
is

va
r
ia
nt

ie
t
a armaturis specifikacia armaturis amokreba

poz.

# eskizi

ф
მმ

l

sმ
n

ცალი
nxl

მ
ф
მმ

∑ nxl
მ

q კგ

A-I A-III

1 2 3 4 5 6 7 8 9 11 12

tradi

-

ciuli

,

erT

iarus

in

anker

iani

1 5500

250

25AIII 575 200 1150,0 25AIII 1530,0 ___ 5891

2 2600 12AIII 260 200 520,0 12AIII 802,0 ___ 714

3 3800 25AIII 380 100 380,0 10AIII 2510,0 ___ 1556

4 1400 10AIII 140 50 70 8AI 340,0 134 ___

5 4700 12AIII 470 60 282,0 jami 134 8161

6 daiWras

adgilze

10AIII ___ ___ 2440 sul             8295

7 cvalebadi 8AI aS=50 680 340,0 Vb =39,5 m3 B-20

SemoT

avazeb

uli, .

lent-

uri

usvet

o

B-20

wyaln.

Tixn.

1 5050   200 20AIII 525 100 525 20AIII 525,0 ___ 1297

2 5050 200 12AIII 525 100 525 14AIII 100,0 ___ 121

3 2000 14AIII 200 50 100,0 12AIII 1175,0 ___ 1046

4 2000 12AIII 200 50 100,0 8AI 187,0 166 ___

5 700 8AI 70 35 24,5 jami 166 2464

6 daiWras

adgilze

12AIII ___ ___ 550,0 sul               2630

7 300 8AI 45 350 162,0 Vb =23,3 m3 B-20
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cxrili 2. masalebis xarji sayrdeni kedlebis 10 grZivi metrisaTvis

cxrili 3. teqnikur-ekonomikuri maCveneblebi

3. daskvna
or iarusad ganTavsebul gruntulankerebiani monoliTuri rkinabetonis

sayrdeni kedlebis ekonomiuri efeqti 1 iarusad ganTavsebul
gruntulankerebian kedlebTan mimarTebaSi Seadgens daaxloebiT 30%-s.

4. teqnikur-ekonomikuri maCveneblebis urTierTSedareba
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Aanaklia – axali mimarTuleba wyalze ganTavsebuli Senoba-
nagebobebis dasaproeqteblad
l. balanCivaZe, b. mebaRiSvili

(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,
Tbilisi, saqarTvelo)

reziume: naSromSi ganxilulia saqarTveloSi, anakliis teritoriaze
portisa da sanapiro zolis infrastruqturuli proeqtebis, maT Soris
wyalSi da wylis zedapirze axali Senoba-nagebobebis mSeneblobis
Taviseburebebze. saubaria samSeneblo saqmianobisa da sivrciTi
dagegmarebis ZiriTad prioritetebze: dasaxlebuli da dausaxlebeli
teritoriebis mowesrigeba, Tanabari ekonomikuri, infrastruqturuli,
socialuri, ekologiuri da kulturuli ganviTarebis teritoriuli
winapirobebis Seqmna. aseve,  sarekreacio teritoriebis SenarCuneba da
ganviTareba;
sakvanZo sityvebi: infrastruqtura, sivrciTi ganviTareba, samSeneblo
konstruqciebi, porti, Senoba-nagebobebi, deformacia, mdgradoba, simtkice.

1. Sesavali
msoflios wylis maragis 95%-iokeaneebisa da zRvebis mariliani wylebia,

romelic ar aris gamoiyeneba adamianis mier. maT Soris mtknari wylebis
raodenoba Seadgens 2,53-s%, aqedan mniSvnelovani wili (68,7%), Tavmoyrilia
antarqtikisa da arqtikis yinulovan safarSi.

saqarTvelos wylis resursebis Taviseburebani ganpirobebulia
geologiuri da klimaturi pirobebiT. mtknari wylis resursebi saqarTvelos
erT–erT ZiriTad bunebriv simdidres warmoadgens. misi teritoriis uxvi

atmosferuli naleqebi gansakuTrebiT Savi zRvis auzSiა.
saqarTvelos mravalferovani landSaftur-klimaturi pirobebi da xSiri

hidrografiuli qseli saerTaSoriso donis rekreaciuli zonebis Seqmnis
SesaZleblobas iZleva.

“gansakuTrebiT mniSvnelovania, rom zRvispira zolis aTviseba da
ganviTareba afxazeTis axlos xdeba. am adgilebis mowyoba-ganaSenianeba,
saerTaSoriso standartebiT mowyobili infrastruqtura da zogadad
progresi aucilebelia ara marto qarTveli xalxisTvis aramed, afxazi
xalxisTvisac” [1].

rekreaciuli TvalsazrisiT yvelaze RirSesaniSnav wyalsatevs Savi zRva
warmoadgens. sanapiro zoli, iseve rogorc mTlianad dasavleT saqarTvelo,
xasiaTdeba subtropikuli klimaturi pirobebiT, zomieri zamTriTa da

xangrZlivi cxeli zafxuliT, rac iZleva sakurorto infrastruqturis am
mimarTulebiT ganviTarebis SesaZleblobas.

winaswari informaciiT, anakliaSi 100 milioni tona tvirTis gamtarobis
porti aSendeba. portis garda, dagegmilia logistikuri da samrewvelo zonis
ganviTareba, agreTve, saerTaSoriso aeroportisa da Txevadi gazis terminalis
mSenebloba. "anakliaSi portis aSenebasTan erTad, saqarTvelos SeuZlia
satranzito qveynis ambiciebic daibrunos", radgan aq yovelTvis iyo
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Rrmawyliani portis deficiti. sazogadod, qveynis satransporto
infrastruqturis ganviTareba mimdinare, konkretul moTxovnebs unda
uswrebdes. swored Tavisufali simZlavreebis arseboba warmoSobs axal
SesaZleblobebs, axali tvirTebis mozidvis safuZvels.

aRsaniSnavia, rom Sav zRvaSi Cadenisas mdinare engurs fskerze uzarmazari
kanioni aqvs CaWrili, romlis wyalobiT anakliis napirebTan Savi
zRvispireTSi yvelaze didi siRrmea, rac Tanamedrove naosnobisa da satvirTo
navsadguris asaSeneblad mniSvelovani xelSemwyobi pirobaa.

2. ZiriTadi nawili
samSeneblo  sferos  ganviTarebis umniSvnelovanesi mimarTulebaa qveynis

teritoriis sivrciTi dagegmarebis, samSeneblo saqmianobisa da maTi
ganxorcielebasTan dakavSirebuli samarTlebrivi urTierTobebis mowesrigeba.

samSeneblo saqmianobisa da sivrciTi dagegmarebis   ZiriTadi
prioritetebia: dasaxlebaTa mowesrigebuli ganviTareba; qveynis dasaxlebul
da dausaxlebeli teritoriebis  Tanabari ekonomikuri, infrastruqturuli,
socialuri, ekologiuri da kulturuli ganviTarebis teritoriuli
winapirobebis Seqmna; aseve,  sarekreacio teritoriebis SenarCuneba da
ganviTareba; mSeneblobis mdgradi da usafrTxo warmoeba; Senoba-nagebobaTa
mSeneblobiT an gamoyenebiT gamowveuli SesaZlo safrTxisagan dacva.

Senoba-nagebobis daproeqtebisas mniSvnelovania misi xangamZleobisa da
saimedoobis uzrunvelyofis gaTvaliswineba, rac SesaZlebelia
konstruqciuli elementebis geometriuli zomebisa da gamoyenebuli saSeni
masalebis, normebis mixedviT sworad SerCeviT. es ki xSir SemTxvevaSi ver an
ar sruldeba, eqspluataciisas misi muSaobis realuri pirobebis  ar
gaTvaliswinebis gamo.

sivrciTi mowyobisa da qalaqTmSeneblobis sferoSi moqmedi kanonis
mizania  ekonomikuri da sxva saqmianobis garemoze uaryofiTi zemoqmedebis
minimalizebiT, teritoriebisa da bunebrivi resursebis racionaluri
gamoyenebiT uzrunvelyos axlandeli da momavali TaobebisaTvis jansaRi
sacxovrebeli garemos arseboba;  teritoriis dagegmarebis da mSeneblobis
ZiriTadi parametrebis ganmsazRvruli faqtobrebi unda iyos

nax.1. Savi zRvis sanapiro zoli
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adgilmdebareoba da reliefis xasiaTi, raTa sanapiro zolis gayolebiT,
gaSlili ganaSenianeba Seiqm-nas, romelic uzrunvelyofs usasrulo
sivrcisaken – zRvisken  swrafvas da  mra-valferovan bunebriv garemos.
DdRevandel saqarTveloSo ar arsebobs daproeqtebisa da mSeneblobis
xarisxobrivi kontrolis regulaciebi (standartebi, mSeneblobis saxelmwifo
normebi da wesebi), romelic morgebuli iqneboda garemo – pirobebze, mis
specifikaze, geologiur pirobebsa da a.S. yvela ucxouri kompania, romelic
saqarTveloSi mSeneblobiTaa dakavebuli, sakuTari qveynis normatiul
dokumentebs eyrdnoba, xolo qarTuli kompaniebi ki sargebloben yofili
sabWoTa normebiT, rac realobas ar Seesabameba. Aarada, standartebisa da
normebis dacva gansakuTrebiT mniSvnelovania iseTi obieqtebis
mSeneblobisaTvis, rogoricaa wylis zedapirze an misi mudmivi zemoqmedebis
qveS myofi nagebobebisaTvis.

Senoba–nagebobis wyalze ageba gamoirCeva Semdegi upiratesobebiT:
zRvis, sanapiros, mdinaris  Tu tbis  nebismier monakveTze ganTavsebuli
Senoba–nagebobebis ZiriTad masalad ganixileba rkinabetonis an liTonis
konstruqciebi, romlebic bevrad xelmisawvdomia (betoni adgilobrivi
warmoebis masalaa) da xasiaTdeba mTeli rigi dadebiTi TvisebebiT:
xangamZleoba, cecxlgamZleoba, atmosferuli zemoqmedebisadmi medegoba,
statikuri da dinamikuri datvirTvebis  mimarT maRali winaRoba, amasTan
erTad dabali fasi da prqtikulad nedleuli masalis ganusazRvreloba.

mTavari, rac moeTxoveba aseTi tipis mSeneblobasa da proeqtirebis
meTodebs, esaa yvelaze ekonomiuri da Tanamedrove  teqnologiebisa da
gaangariSebis meTodebis SerCeva, ramac unda uzrunvelyos energodanazogebi
da bioekologiuri garemos SenarCuneba. aseTi midgomebi amcirebs Senoba–
nagebobebis saeqspluatacio xarjebs da dadebiTad moqmedebs garemos
gavlenaze.

miuxedavad imisa, rom  wyalze da wylis zedapirze mSeneblobis
ganviTareba, iZleva sanapiro zolze miwis nakveTebis deficitis Semcirebis
SesaZleblobas, Tumca aqac gvxvdeba Zalian bevri problema: komunikaciebis
mowyoba, sainvesticio kanonmdeblobis ararseboba–mougvarebloba mflobelsa
da saxelmwifos Soris wylis zedapirze mSeneblobisaTvis da sxva
sirTuleebi.

wyliT gaJRenTili saSeni masala kargavs simtkices, xolo xSir
SemTxvevaSi wyalSi arsebuli marilebi iwvevs masalebis dakonstruqciebis
saerTod daSlas.Aam movlenis Tavidan acilebis mizniT saWiro xdeba
damatebiTi hidrosaizolacio samuSaoebis Catareba, romelic konstruqciis

zedapirs daicavs Semdgom wylis zemoqmedebisagan.
Savi zRvispireTisaTvis damaxasiaTebeli garemo pirobebisadmi

aucilebelia mdgradi maRali simtkicis, mcired  deformirebadi da
wyalSeuRwevadi saSeni masala, raTa Senoba-nageboba iyos xangamZle da

mSrali. e.i. ar Seicavdes da ar STanTqavdes wyals.
mSeneblobaSi gamoyenebuli samSeneblo masalebs Soris pirvel adgils

isev rkinabetoni ikavebs, rogorc yvelaze xangamZle da xelmisawvdomi. Tumca
Savi zRvis  regionebSi nagebobebis mdgomareobis Sesaswavlad Catarebuli
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kvlevebi gviCvenebs, rom rkinabetonis konstruqciebs aqvT mniSvnelovani
koroziuli dazianebebi. haeris maRali fardobiTi tenianoba saSualod 75-85%,
romelic mniSvnelovnad aRemateba kritikuls (60%), wliuri dadebiTi
temperatura betonis damcavi fenis koroziis Semdeg xels uwyobs armaturis
koroziuli procesebis daCqarebas. konstruqciebis zedapirze armaturis
Reros gaswvriv, Reroebis gaWimvis Sedegad Cndeba bzarebi, betonis damcavi
fena iSleba da alag-alag Cndeba armatura. atmosferuli koroziis procesi
Seuwyvetlad mimdinareobs, rac mniSvnelovnad azianebs konstruqciebs.

garda zemoT CamoTvlili uaryofiTi zegavlenisa, rkinabetonis konstruqciebi
gamoirCevian maRali kuTri woniT - masiT, rac zrdis SenobebSi datvirTvebs

da kidev ufro aZvirebs mSeneblobas.
betonis zedapirebze negatiurad moqmed ZiriTad faqtorebs Soris yvelaze

saSiSia - wyali, romelic xvdeba konstruqciebze an naleqis, an kidev
gamdinare da Camdinare gruntis wylebis saxiT, rac iwvevs mis mkveTr
dazianebas.

3. Ddaskvna

naSromSi ganxilulia saqarTveloSi, anakliis teritoriaze portisa da
sanapiro zolis infrastruqturuli proeqtebis, maT Soris wyalSi da wylis
zedapirze axali Senoba-nagebobebis mSeneblobis Taviseburebebze. saubaria
samSeneblo saqmianobisa da sivrciTi dagegmarebis ZiriTad prioritetebze:
dasaxlebuli da dausaxlebeli teritoriebis mowesrigeba, Tanabari
ekonomikuri, infrastruqturuli, socialuri, ekologiuri da kulturuli
ganviTarebis teritoriuli winapirobebis Seqmna. aseve,  sarekreacio
teritoriebis SenarCuneba da ganviTareba;

samSeneblo normebisa da wesebis mixedviT sazRvao nagebobebi (portebi,
napirdamcavi da sayrdeni nageboebebi) unda daproeqtdes teqnologiuri
moTxovnebis Sesabamisad, romlis gaTvaliswinebiT moxdeba ZiriTadi nagebobis
daproeqteba, misi gabarituli zomebis, vertikaluri dagegmarebis niSnulis,
normatiuli saeqspluatacio datvirTvebis da a.S. monacemebis dazusteba.

literatura
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Cais masis moZraobis procesis kvleva
e. wverava

(saqarTvelos teqnikuri universiteti, m. kostavas q. #77,
0175 Tbilisi, saqarTvelo)

reziume: Cais foTlis Rnoba rTuli biologiuri procesia. produqciis
saboloo xarisxis misaRebad ZiriTad ganmsazRvrel faqtors warmoadgens
Cais uxeSi da mouxeSo fraqciis raodenoba, rac iwvevs 20-30% saRnobi
agregatis mwarmoeblebis Semcirebas da Cais foTlis Rnobis araTanabrobis
gazrdas. amitom naSromi iTvaliswinebs Cais masis Tburi damuSavebis iseTi
meTodis Ziebas, rodesac Rnobis procesis intensifikaciasTan erTad
miiReba Tanabrad momRnari Cais masa. aRniSnuli amocanis gadasawyvetad
dadgenili iqna Cais masis moZraobis da Sris simaRlis optimaluri
parametrebis sisdideebi da Catarebuli iqna cdebi Cais masis
gasaSualebul nimuSze.
sakvanZo sityvebi: Cai, fardobiTi uZraoba, Rnoba, konveiri, duyi, gisosebi,
srialis Tavisufali moZraoba.

1. Sesavali
Savi  Cais warmoebaSi erT-erT metad energotevad process warmoadgens

Cais Rnobis procesi. amave dros Cais Tanabari Rnoba da xarisxi  ZiriTadi
ganmsazRvreli faqtoria produqciis saboloo xarisxis misaRebad.

dReisaTvis Cais warmoebaSi gamoyenebuli lentur-konveieruli
saRnobiagregati siTbos konveqciuri miyvaniT xasiaTdeba mTeli rigi
mniSvnelovani naklovanebebiT, romelTa Soris ZiriTadia araTanabari Rnoba.
es ki uaryofiTad moqmedebs teqnologiuri procesis Semdeg operaciebze da
amcirebs mza produqciis xarisxs.

bolo wlebSi Cais nedleulSi mniSvnelovnad gaizarda uxeSi da
mouxeSo fraqciis raodenoba (30% gaTvaliswinebuli 8%-is nacvlad) . rac
iwvevs 20-30% saRnobi agregatis mwarmoeblobis Semcirebas da Cais foTlis
Rnobis araTanabrobis gazrdas.

yoveli es gvafiqrebinebs Cais masis Tburi damuSavebis iseTi meTodis
Ziebas, rodesac Rnobis procesis intensifikaciasTan erTad miiReba  Tanabrad
momRnari Cais masa.

2. ZiriTadi nawili
aRniSnuli amocanis gadasawyvetad saWiroa Cais duyebis   (kvirti,

foToli,Reri) da Cais masis Teoriuli da eqsperimentaluri gziT moZraobis
procesis Seswavla movibrire sibrtyeze vibraciis cvalebadi kuTxis da
Tbili haeris qvemodan Sebervisas.

Cais masis moZraobis gantoleba vibraciuli Raris harmoniuli reJimis
dros Caiwereba Semdegi saxiT.

t sin0 (1)

sadac: ϕ - barbacas sawyisi mdgomareobidan mobrunebis kuTxea;
φ0 - kuTxuri amplituda (ϕ0=a/ℓ)
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ℓ- mxreulis sigrZe;

- rxevis cikluri sixSire;

 - barbacas mobrunebis dro.
Cais duyis moZraobis diferencialur gantolebebs koordinatTa

RerZebze xoy sistemaSi eqneba Semdegi saxe:

    ymgTtmmmg
dx

sd
m cossincoscossinsin 222

0
22

0
2

2

  (2)

    ymgNtmmmg
dy

sd
m sincoscoscossinsin 222

0
22

0
2

2

  (3)

Cais duyis movibrire zedapiridan mowyvetis pirobas eqneba Semdegi saxe:

 
 0

2 sin

sincos








a

ydg
sn

(4)

sadac m - erTeuli Cais duyis masaa;
T da N - movibrire sibrtyis mxebi da normaluri reaqciis Zalebia;

 - vibraciis sawyisi kuTxe, d da y movibrire sibrtyis da haeris
gamanawilebeli gisosebis naxvretebis RerZebis  daxris kuTxe horizontalur
sibrtyesTan.
SeimCneva, rom movibrire zedapiridan Cais duyis  mowyveta da Tavisufali
moZraoba SeiZleba moxdes daxril sibrtyeze mxolod zeviT srialis Semdeg.
rodesac mxebi da normaluri Zalebi T=0 da N=0 Cais duyis Tavisufali
moZraobis diferencialuri gantoleba miiRebs semdeg saxes:

    ygtg
dx

sd
cossincos2cossin2sin 22

0
2

02

2

  (5)

    ygtg
dy

sd
sincoscos2sinsin2cos 22

0
2

02

2

  (6)

Tu movibrire sibrtyis zedapiridan Cais duyis mowyveta moxda
fardobiTi srialis Semdeg, maSin sawyisi piroba miiReba  (5)   da  (6)
gantolebebis integrirebiT, rodesac

NtgpT  (7)

sadac P xaxunis kuTxea da rodesac P<dSesaZlebelia sriali zemoT da roca
P>a SesaZlebelia srili qvemoT.

Cais  duyis frenis Sewyveta anu movibrire sibrtyesTan kontaqtis
momenti xasiaTdeba gansazRvruli kuTxiT, romlis drosac y=0.
iteraciuli gantolebis niutonis formulis amoxsniT, vRebulobT Cais duyis
fardobiTi siCqaris Sesabamisad proeqcias movibrire sibrtyeze dacemis
momentSi da mis gaswvriv gadaadgilebisas.

Tu Cais duyi gaCerdeba gansazRvruli sididis fazur kuTxeze, maSin
misi Semdegi momatebisas iwyeba sriali zemoT (SesaZlebelia simSvidis
pirveli are).

Semdegi cdebi Catarebuli iqna Cais masis gasaSualebul nimuSebze.
eqsperimentuli monacemebidan Cans (cxr. 1), rom dawyebuli 387025/-dan

fazuri sidideebi meordeba: Cais masis zemoT srialis Semdeg iwyeba
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Tavisufali moZraoba zemoT  (227025/), Semdeg sriali zemoT (6020/ ), Semdeg ki
sriali qvemoT  (127015/), Semdeg Tavisufali moZraoba zemoT ( 227020/), sriali
zemoT (6025/), sriali qvemoT (127035/)  da cikli meordeba 3600-is Semdeg.

analogiurad miiReba im SemTxvevebisTvisac, rodesac Cais masa Cerdeba
aRniSnuli sididis fazur kuTxeze, xolo Semdegi misi cvlileba iwvevs
qvemoT srials.

Cais masis movibrire sibrtyeze moZraobisas ganvlili manZilis da saSualo
siCqaris gamoTvlili mniSvnelobebi ciklis dros mocemulia (cxr. 1).

Cais duyis moZraobis (fardobiTi uZraoba, sriali da Tavisufali moZraoba)
diferencialuri gantolebebis da kritikuli siCqareebis (srialis qveda da
zeda zRvari) Sesabamisi brunvis sixSireebis  gantolebebis
amoxsnisatvisndavamuSave blok-sqema.

formulebi gamoyvanilia Cais duyisaTvis da ara mTeli masisaTvis,
romelic gisosebze gadaadgildeba Sris garkveuli sisqiT. brunvis sixSiris
sabolookoreqtirebisaTvis gaviTvaliswineT koeficienti, romlis mnisvneloba
dagenili iqna eqsperimentulad da tenianobis mixedviT icvleba K=1,4-dan
1,8-mde.

cxrili 1
Cais masis moZraobis ganvlili manZili da saSualo siCqare erTi ciklis

dros
# brunvis

sixSire, n br/wT
kuTxuri

sixSire,  wm-1
ganvlili
manZili S m

moZraobis

siCqare 
m/wm

SeniSvna

1 220 23,07 0,008 0,032 mowyvetis
gareSe

2 260 27,21 0,016 0,071 mowyvetis
gareSe

3 280 29,31 0,032 0,169 mowyvetiT
4 320 33,49 0,045 0,249 mowyvetiT

3. daskvna
Cais masis Rnobis procesis Teoriuli da eqsperimentuli kvlevis

Sedegebis analizis mixedviT dadgenili siCqaris ganmsazRvreli empiriuli
formula, Rnobis procesis xangrZlivobis ganmsazRvreli regresiis
gantoleba; duyis movibrire sibrtyeze moZraobis (srialis, fardobiTi
uZraobis, frenis) diferencialuri gantolebebi procesze moqmedi ZiriTadi
faqtorebis mixedviT.
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metropolitenis didi CaRrmavebis erTTaRiani sadgurebi
b. wulukiZe, m. grZeliSvili, g. zurabiani

(saqarTvelos teqnikuri universiteti, m.kostavas q..#77,
0175 Tbilisi, saqarTvelo)

reziume: statiaSi aRniSnulia, rom q. Tbilisis metropolitenis axali
rigis mSeneblobaze mravali siaxle da mowinave konstruqciuli da
teqnologiuri gadawyveta iqneba realizebuli. gadmocemulia sistemuri
xedva gvirabmSeneblobaSi mecnierebisa da teqnologiebis ganviTarebaze.
sakvanZo sityvebi: metropoliteni, didi CaRrmavebis TaRi, mudmivi samagri.

1. Sesavali
msoflioSi mimdinare urbanizaciis procesTan dakavSirebiT

gansakuTrebul aqtualobas iZens qalaqebis satransporto sistemebis
srulyofa da ganviTareba. miwiszeda transporti, gansakuTrebiT pikis
saaTebSi, ver uzrunvelyofs didi qalaqebisaTvis damaxasiaTebeli mgzavrTa
gazrdili nakadis normalur droSi gadayvanas, ramac ganapiroba
alternatiuli sistemis – miwisqveSa transportis warmoSoba. am saxis
transportis ZiriTadi tipia metropoliteni. sadReisod metropoliteniT
aRWurvilia praqtikulad msoflios yvela didi qalaqi.

metropoliteni rTuli miwisqveSa kompleqsia, romlis erTerTi ZiriTadi
da mniSvnelovani nawilia gadasarbeni gvirabebi da gansakuTrebiT miwisqveSa
sadgurebi.

2. ZiriTadi nawili
q.Tbilisis pirveli rigis metropolitenis ganviTarebis praqtikaSi didi

CaRrmavebis erTTaRiani sadgurebi praqtikulad gamoricxuli iyo ganxilvidan.
jer kidev 1967 wels sadguri „300 aragveli“ damproeqteblebis mier
Sesrulebul iqna erTTaRiani sadguris konstruqciuli forma. magram,
miuxedavad ЦНИИС–is (mSeneblobis centraluri samecniero–kvleviTi
instituti, q. moskovi) mxridan am variantis aqtiuri mxardaWerisa, man ver
miiRo mowoneba proeqteis eqspertTa mxridan. q. TbilisSi pirveli erTTaRiani
sadguri mxolod 1979 w. aSenda (foto 1, nax. 1).

foto 1. sadguri „teqnikuri universiteti
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nax.1. sadgur „teqnikuri universiteti“ konstruqcia
am sadguris agebisas saqarTvelos teqnikuri universitetis „gvirabebi

da metropolitenebis“ kaTedris TanamSromelTa mier Seiswavleboda samTo
wnevis formirebaSi gvirabis agebis teqnologiis gavlenis sakiTxi.  sadguris
warmatebulma mSeneblobam, zemoT naxsenebi kvlevebis Sedegebma, ЛИИЖТ–Si
(leningradis sarkinigzo transportis inJinerTa instituti) ekvivalenturi
masalebisgan damzadebul modelebze Catarebul kvlevebTan erTad,
TvalnaTliv aCvena q. TbilisSi erTTaRiani sadgurebis mSeneblobis
SesaZlebloba da mizanSewoniloba.  erTTaRian miwisqveSa sadgurebs q.
TbilisSi „mwvane Suqi“ miecaT. amJamad eqspluataciaSi imyofeba eqvsi
erTTaRiani sadguri, romelTagan xuTi – didi CaRmavebis (nax. 1, 2).
dasrulebis stadiaSia meeqvse sadguri (nax. 3). unda aRiniSnos, rom axali
xazis proeqtSi (nax. 4) xuTive sadgurisTvis SemoTavazebulia erTTRiani
modeli (nax. 5).
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nax. 4. Tbilisis metropolitenis sqema
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amJamad Tbilisis metropolitenis erTTaRiani sadgurebis mSeneblobis

istoriaSi mimdinareobs erTTaRiani konstruqciebis optimizaciis etapi.
Catarebulma kvlevebma aCvena, rom eqspluataciaSi myofi Tbilisis
metropolitenis erTTaRiani konstruqciebi rTul daZabul mdgomareobaSi
imyofeba, rac ganpirobebulia kedlebis arsebobiT.
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nax. 6, 7 da 8–ze moyvanilia metropolitenis sadguris TaRis sxvadasxva
amaRlebis mqone axali konstruqciebi, romlebic uSualod grunts eyrdnoba.
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nax.8. qanze dayrdnobili TaRis mqone samagri (varianti 3)
mcire amaRlebis TaRis qanze dayrdnobis SemTxvevaSi misi daZabuli

mdgomareoba xelsayrelad gansxvavdeba arsebuli konstruqciebisagan,
magaliTad, iseT qanebSi, sadac gruntis simagris koeficienti f=3 prof.
protodiakonovis mixedviT, mRunavi momentebi imdenad mcirea, rom normaluri
Zalis eqscentrisitetis maqsimaluri mniSvnelobebi ar aRemateba 12–14 sm. ese
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igi Zalian daZabul kveTebSic ki TaRi muSaobs  aracentralur kumSvaze
mcire eqscentrisitetiT.  25 m sigrZis malis mqone TaRSi arc erT kveTSi ar
warmoiSoba gamWimavi Zabvebi. betoni mxolod kumSvaze muSaobs da yvela
kveTSi TaRi akmayofilebs mzidunarianobisadmi wayenebul moTxovnebs. amasTan

erTad, SesaZlebeli +xdeba TaRqveSa sivrcis gverdiTi nawilebis gamoyeneba
samomxmareblo miznebisaTvis.

cxrilSi 1 moyvanilia mRunavi momentebis mniSvnelobebi erTTaRiani
sadgurebis oTxi sxvadasxva moxazulobis formisaTvis. statikuri
gaangariSebebi Sesrulebulia qanis drekadi ukubjenis koeficientis sami
sxvadasxva mniSvnelobisaTvis: sustad danapralebuli, saSualod
danapralebuli mqone qanebisa (es mniSvneloba daweulia 25%–iT) da Zlier
danapralebuli (50%–iT) qanebisaTvis.

cxrili 1
qanis saxelwodeba mRunavi momentis maqsimaluri mniSvneloba,

tm
kedlis simaRle, m

0 2.4 3.6 4.8
sustad napralebuli
saSualod napralebuli
Zlierad napralebuli

48.96
51.85
56.94

63.55
66.24
68.3

77.79
73.95
78.3

89.05
84.12
86.79

sainteresoa aRiniSnos, rom qanebis deformirebadoba umniSvnelo
gavlenas axdens mudmivi samagris mzidunarianobaze (cxr. 2)

cxrili 2
qanis saxelwodeba mzidunarianoba, t

kliteSi quslSi
kedlis simaRle, m kedlis simaRle, m

0 2.4 3.6 4.8 0 2.4 3.6 4.8
sustad napralebuli
saSualod napralebuli
Zlierad napralebuli

480
477
462

454
453
452

450
446
443

444
440
436

600
602
600

454
463
467

430
438
444

133
149
166

cxrili 2–is monacemebi mowmobs, rom mzidunarinoba TaRis  kliteSi
icvleba 0,4-3,9%–is farglebSi, xolo quslSi, garda ukanaskneli svetisa – 0,3-
3,3%–is farglebSi.

3. daskvna
Catarebulma kvlevebma aCvena qanze dayrdnobili mcire amaRlebis TaRebis

gamoyenebis SesaZlebloba da mizanSewoniloba q. Tbilisis didi CaRrmavebis
metropolitenis sadgurebisaTvis da aseve didi qalaqebis miwisqveSa sivrcis
aTvisebisas.

literatura
1. Габуния Г.Д. Тбилисский метрополитен: итоги, перспективы, задачи // Метро и тоннели

№1, М:, 2002, с. 46-47.
2. Джинчарадзе Д.И., Цулукидзе Б.П., Болквадзе Н.В. Перспективные конструкции

односводчатых станций глубокого заложения // Горный журнал №1, Тбилиси, 1998, с 31-
32.
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sagzao samosis konstruqciis gaZliereba
civi reciklirebis meTodiT

T. papuaSvili, v. jRamaia, g. CubiniZe
(saqarTvelos teqnikuri universiteti, 0175 m. kostavas 77,

saqarTvelo, Tbilisi)

reziume: naSromSi ganxilulia sagzao samosis konstruqciuli fenebis
fizikur-meqanikuri maCveneblebis amaRlebis meToduri RonisZieba, romelic
dafuZnebulia civi reciklirebis teqnologiis gamoyenebaze.

naSromi moicavs civi reciklirebis teqnologiuri procesis aRweras
da misi Sesrulebis dros gamoyenebuli samSeneblo masalebis Tanamedrove
laboratoriuli gamocdis meTodebs.
reciklerebuli narevis optimaluri tenianobisa da maqsimaluri simkvrivis
gansazRvrisaTvis gamoyenebulia uaxlesi laboratoriuli danadgari _
`sibiaris proqtori~ (CBR). paralelurad ganxilulia reciklirebuli
nareviT gamkvrivebuli fenilis datkepnis koeficientis gansazRvra
`balonuri xelsawyo~-s gamoyenebiT.
sakvanZo sityvebi: sibiaris proqtori; balonuri xelsawyo; reciklireba;
frezireba; bitumis emulsia; filtracia; adgezia.

1. Sesavali
saavtomobilo gzebis mSeneblobisas farTo gamoyeneba hpova adgilze

civi reciklirebis teqnologiam, radgan gzebis eqspluataciis mravalwlianma
analizma gviCvena, rom aucilebelia efeqturad gamoviyenoT Zveli
asfaltbetoni da sxva bitummineraluri narevebi sagzao samosebis
mSeneblobaSi.

civi reciklirebis teqnologia farTod gamoiyeneba, rogorc evropaSi
aseve amerikaSi. dReisaTvis saqarTveloSi moqmed ramodenime samSeneblo
firmas aqvs civi reciklirebis manqana-meqanizmi da awarmoeben sagzao samosis
sareabilitacio samuSaoebs.

civi reciklirebis teqnologiuri procesi xorcieldeba Sesabamisi
manqana-meqanizmebiT. civi reciklirebis spec. manqanis meSveobiT xdeba Zveli
asfaltbetonis safaris frezireba, misi daqucmaceba, SemkvrelTan da inertul
masalasTan areva da miRebuli nazavis gaSla greideriT, SemdgomSi misi
datkepniT.

xsenebuli teqnologiuri procesi asaxulia sur. #1-ze.
cementis moyra xorcieldeba reciklirebisaTvis gamzadebuli monakveTis

zedapirze specialuri manqaniT (I). mas ukan miyveba reciklirebis manqana

`Wirtgen~ (II), romelsac specialuri mowyobilobebiT ukavSirdebian bitumis
emulsiis (III) da wylis mimwodebeli manqanebi (IV), ris Sedegadac garkveuli
procentuli TanafardobiT xdeba saTanado ingredientebis miwodeba
reciklirebis manqanis amrev mowyobilobaSi.
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sur. #1. sagzao samosis reciklirebis teqnologiuri sqema
(marcxnidan I – cementis mosayreli manqana; II – reciklirebis manqana;

III – bitumis emulsiis manqana; IV – wylis mimwodebeli manqana)
reciklirebis teqnologiis Sesabamisad 18 sm sisqis safuZvlis fenis

mosamzadeblad 1 m2-ze saWiroa Semdegi saxis da odenobis masalebi, kerZod:

1. nafrezi granulati _ h-7 sm

2. fraqciuli RorRi (0-40 mm) _ h-11 sm

3. cementi (M-400) _ 15 kg m2-ze.
4. bitumis emulsia _ 4.5 l/m2-ze
5. wyali _ 16 l/m2-ze.
yvela Semadgeneli komponenti unda iqnas dozirebuli im raodenobiT,

romelic miRebulia narevis muSa formuliT, narevis optimaluri tenianobis
dacviT. Semkvrelad gamoyenebuli unda iyos cementis da bitumis emulsiis
erToblivi narevi. aq bitumis emulsiis nacvlad SesaZlebelia gamoyenebuli
iqnas aqafebuli bitumi (qafbitumi).

civi reciklirebis meTodiT sagzao samosis reabilitaciis dros ar
aris aucilebeli samosis fenebidan moxsnili masalebis gatana da
dasawyobeba, radganac mTlianad gamoyenebulia, rogorc Zveli asfaltbetonis
nafrezi granulati aseve Zvel safuZvelSi arsebuli RorRi.

civi reciklireba SesaZlebelia ganxorcieldes ori meTodiT, kerZod:
1. sagzao samosis zedapiruli frezirebiT (reciklireba mcire siRrmeze

5-10 sm). am SemTxvevaSi xdeba mxolod im fenis frezireba, romelic
Seicavs bitummineralur narevs.

2. frezireba mTel siRrmeze (Rrma reciklireba 10-30 sm siRrmeze),
romelic moicavs, rogorc bitummineraluri narevis Semcvlel fenebs,
aseve RorRovani safuZvlis zeda fenas.

saqarTvelos mTagoriani reliefis gaTvaliswinebiT gansakuTrebuli
yuradReba eTmoba reciklirebas mTel siRrmeze. am ukanaskneli meTodis
gamoyenebiT xdeba sagzao samosis RorRis safuZvlis optimizacia, radgan mas
xSir SemTxvevaSi dakarguli aqvs Tavisi ZiriTadi daniSnuleba _ filtracia,
rac Sesabamisad asaxulia asfaltbetonis fenilis zedapirze, bzarebisa da
deformaciebis saxiT.

civi reciklirebis teqnologiuri sqemis ganxorcielebis Semdeg
warmoiqmneba monoliTuri fena swori zedapiriT, bzarebisa da defeqtebis
gareSe. miRebuli zedapiris cveTamedegobis dabali maCveneblis gamo masze
ageben asfaltbetonis safaris sacveT fenas. am ukanasknelis sisqe
ganisazRvreba individualurad, gzis teqnikuri kategoriis Sesabamisad.
reciklirebuli narevis gaSla xorcieldeba greideriT, ris Semdegac
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dauyovnebliv unda daiwyos datkepna, Sesabamisi vibraciuli satkepnebis
gamoyenebiT (sur. #2).

sur. #2. reciklirebuli narevis gaSlis da datkepnis sqema
(marcxnidan I – greideri; II – vibraciuli satkepni)

datkepnis Semdeg, samosis fenis zedapiri movlili unda iqnas wylis (an
bitumis emulsiis) msubuqad mosxmiT, ris Semdgomac kvlav unda gadaitkepnos
pnevmatur salteebiani satkepni saSualebiT, raTa Seiqmnas safari,
SemWidrovebuli zedapiriT.

civi reciklirebis teqnologiis siaxlis gamo dReisaTvis ar arsebobs
erTiani teqnikuri norma, romelic dagvexmareboda gamoyenebuli (axali da
meoradi) masalebis saangariSo maCveneblebis gansazRvraSi.

2. ZiriTadi nawili
civi reciklirebis teqnologiiT reabilitirebuli sagzao samosis

xarisxze mniSvnelovan gavlenas axdens Semkvrelis (bitumis emulsia an
qafbitumi) da masSi gamoyenebuli inertuli masalebis (nafrezi granulati
da RirRi) fizikur-meqanikuri Tvisebebi.

reciklirebuli narevis ConCxis maqsimaluri simkvrive da optimaluri
tenianoba ganisazRvreba laboratoriuli meTodiT, reciklirebisaTvis
saWiro masalebiT optimaluri narevis SerCevis dros.

am SemTxvevaSi nimuSebis datkepna xdeba saTanado xelsawyoTi _

sibiaris proqtoris (CBR) saSualebiT (sur. #3).

sur. #3. sibiaris proqtori (CBR)
rTi da imave receptiT momzadebuli narevis gamkvrivebaze daxarjuli

muSaobis gadidebiT optimaluri tenianoba mcirdeba, xolo optimaluri
simkvrive ki izrdeba. am movlenas mxolod garkveul kondiciamde aqvs
adgili. Tavis mxriv gamkvriveba xdeba periodulad, Sreebis sisqis erT
mesamedze. amave sisqeze awarmoeben saerTo dartymaTa ricxvis erT mesamed
dartymebs.
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dartymebis Sewyveta xdeba maSin, rodesac miRebuli moculobiTi wona
wina moculobiTi wonisagan gansxvavebuli iqneba araumetes 0.3 g/sm3-iT.

yoveli gansazRvris Semdeg xdeba dayalibebuli nimuSis gadatana
meore formaSi, sxva raodenobis dartymebze gamosacdelad.

gamkvrivebis Zalad miRebulia dartymaTa iseTi ricxvi, romelic
moculobiTi wonis stabilizaciis moments Seesabameba, risTvisac yoveli
axali dartymebis dros xdeba moculobiTi wonis xelaxla gansazRvra.

gatenianebuli da gamkvrivebuli reciklirebuli narevis moculobiTi
wona ganisazRvreba Semdegi formuliT:

(1)

sadac: aris gamkvriveb. nimuSisa da cilindris sadgamis wona, gr; _
cilindris sadgamis wona, gr; _ moculoba, sm3.

sacdeli reciklirebuli narevisaTvis saWiro dartymaTa ricxvis
gansazRvris Semdgom xdeba moculobiTi wonis gansazRvra. amavdroulad
narevis gamocdis win tenianobas vzrdiT 2%-is odenobiT. damatebuli
wylis raodenoba ganisazRvreba Semdegi formuliT:

(2)

sadac: aris damatebuli wylis moculoba, gr; _ nimuSis wona, gr; _
narevis woniTi tenianoba erTeul nawilze, %; _ narevis sawyisi
tenianoba erTeul nawilze, %.

amis Semdeg kvlav xdeba gamosacdel nimuSze wylis procentuli
raodenobis gazrda, narevis areva da dartymaTa gansazRvruli ricxvis
Sedegad gamkvrivebuli gatenianebuli nimuSis moculobiTi wonis gansazRvra.

es procesi mimdinareobs manam, sanam nimuSis moculobiTi wona ar
daiwyebs Semcirebas. miRebuli Sedegebi Segvaqvs cxrilSi.

Cveni magaliTis SemTxvevaSi #1 cxrilSi Setanilia reciklirebuli
narevis gamocdis xuT safexuriani testis Sedegebi, ris safuZvelzec
gansazRvrulia narevis optimaluri tenianoba (4.9 %) da ConCxis maqsimaluri
simkvrive (2.25 g/sm3).

cxrili #1

sawyisi nimuSis wona, gr.
mineraluri nawilakebis

simkvrive, gr/sm3

20 mm / 37,5 mm sacerze darCenili raodenoba, %
testi # 1 2 3 4 5

formis wona + Ziri + gamkvr. grunti ( ) gr 10740 10870 11132 11150 11180

formis wona + Ziri ( ) gr 5680 5680 5680 5680 5680

gamkvr. nimuSis wona ( ) gr 5060 5190 5452 5470 5500

bunebrivi simkvrive ) gr/sm3 2.19 2.24 2.36 2.36 2.38

optimaluri tenianoba ( ) % 1.9 3.7 4.9 6.9 9.4

ConCxis simkvrive gr/sm3 2.15 2.16 2.25 2.21 2.17

laboratoriaSi dayalibebuli nimuSis optimaluri tenianobis da
ConCxis maqsimaluri simkvrivis mniSvnelobebs vwerT cxrili #2-is me-6 da me-7
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svetebSi. amave cxrilis pirvel svetSi mocemuli piketuri adgilmdebareoba
aRebulia pirobiTad.

cxrili #2
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pk + sm3 , gr , gr , % , % , gr/sm3 , gr/sm3

1 2 3 4 5 6 7 8 9

1+00 3 315 7 500 7 365 1.83 4.9 2.25 2.22 0.987

2+00 3 330 7 560 7 426 1.80 4.9 2.25 2.23 0.990
3+00 3 410 7 700 7 568 1.74 4.9 2.25 2.22 0.986

reciklirebuli gzis safaris datkepnis koeficientis gansazRvra
SesaZlebelia mravali xelsawyoTi, Tumca maT Soris erT-erTi gamorCeuli
adgili ukavia e.w. balonur xelsawyos. misi moqmedebis principi dguSis svlis
analogiuria da laboratoriul pirobebSi SegviZlia miviRoT savele
pirobebTan maqsimalurad miaxloebuli maCvenebeli. balonuri xelsawyos
modeli mocemulia #4 suraTze.

sur. #4. balonuri xelsawyo
balonuri xelsawyos Semadgeneli detalebia: 1 _ wylis Casasxmeli; 2 _

wnevis sazomi; 3 _ wylis raodenobis sazomi Skala; 4 _ wylis avzi; 5 _ wylis
rezinis buSti; 6 _ xelsawyos sadgami; 7 _ rgoli; 8 _ samagrebi; 9 _ damWeri.

reciklirebuli fenilis datkepnis koeficientis gansazRvrisaTvis
laboratoriaSi miRebuli optimaluri tenianobisa da narevis ConCxis
maqsimaluri simkvrivis gansazRvris Semdeg saWiroa gavigoT narevis faqtiuri
simkvrive. amisaTvis reciklirebuli samosis zedapiridan rgolis meSveobiT
vWriT ormos 15 sm siRrmeze da viRebT  reciklirebul narevs, Sesabamisad
datenianebul mdgomareobaSi ( , gr) da maSinve vwoniT. aRniSnul ormoze
zemodan vamontaJebT balonur xelsawyos, vasxamT wyals da Semdeg vigebT
ormos moculobas, Casuli wylis sawyisi da saboloo monacemis sxvaobis
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saSualebiT ( sm3). faqtiuri savele simkvrive ganisazRvreba Semdegi

formuliT: (3)

sadac: aris faqtiuri savele simkvrive, g/sm3; _ teniani nimuSis wona, gr;
_ wylis sawyisi raodenoba, sm3; _ wylis saboloo raodenoba, sm3;

faqtiurad miRebuli savele simkvrivis mniSvneloba Segvaqvs cxrili #2-
is me-8 svetSi. Semdeg vgebulobT reciklirebuli narevis tenianobas, misi 24
sT. bunebrivad gamoSrobis Semdeg da Segvaqvs cxrili #2-is me-5 svetSi.

(4)

sadac: aris reciklirebuli narevis tenianoba, %; _ teniani nimuSis
wona, gr; _ gamomSrali nimuSis wona, gr.

reciklirebuli narevis faqtiuri simkvrive ganisazRvreba (3) da (4)
formuliT gansazRvruli mniSvnelobebis (5) formulaSi Setanis Sedegad,
kerZod:

(5)

sadac: aris reciklirebuli narevis faqtiuri simkvrive, gr/sm3; _ savele

simkvrive, gr/sm3; _ reciklirebuli narevis tenianoba, %.
reciklirebuli narevis datkepnis koeficienti ganisazRvreba narevis

faqtiuri simkvrivis fardobiT laboratoriaSi damzadebuli nimuSis ConCxis
maqsimaluri simkvrivis mniSvnelobaze, kerZod:

(6)

miRebuli mniSvneloba Segvaqvs #2 cxrilis me-9 svetSi. reciklirebuli
samosis datkepnis koeficienti saerTaSoriso normebis moTxovniT ar unda
iyos 0.98-ze naklebi, xolo samosis zedapirze saerTo drekadobis moduli ki
_ aranakleb 220 mpa.

3. daskvna
asfaltbetonis civi reciklirebis meTods sxva meTodebTan SedarebiT

axasiaTebs Semdegi rigi upiratesobebi, rac gamoixateba SemdgomSi:
 ar saWiroebs arsebuli moxsnili masalis gatanas da dasawyobebas;
 SedarebiT Semcirebulia bitumis xarjis raodenoba;
 reciklirebul narevSi srulad gamoiyeneba Zveli inertuli masala.

civi reciklirebisaTvis saWiro bitumis raodenoba da misi koncentracia
emulsiaSi unda SeirCes laboratoriuli gamocdebis safuZvelze.
reciklirebuli narevis Semkvrelad bitumis emulsiis nacvlad SesaZlebelia
gamoyenebuli iqnas aqafebuli bitumi (qafbitumi), radganac is aadvilebs
mineraluri zedapiris dasvelebas da aumjobesebs adgezias.

literatura
1. Wirtgen холодный ресайклинг Руководство по применению. 2-е издание, 2006 г. ISBN

3-936215-11-1, Wirtgen GmbH. Deutschland.
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fraqtaluri arqiteqturis propedevtikis sakiTxebi
z. kiknaZe, T. tabataZe

(saqarTvelos teqnikuri universiteti, 0175  m. kostavas 77,
saqarTvelo, Tbilisi)

reziume: samyaros fraqtaluri mowyobis principis gageba dReisaTvis
Rrmad iWrebasaqmianobis mraval sferoSi, maT Soris, rogorc
arqiteqturul-samSeneblo obieqtebis gare saxis formirebaSi aseve maT
Sinagan struqturul organizaciaSi. qvecnobieris rolis mniSvnelobis
aRiarebasTan erTad empiriulidan Teoriuli ganzogadebisken mimarTuli
veqtoris - mecnierebidan praqtikisken Semobrunebas unda emsaxurebodes
yvela meTodologiurad  gamarTuli saswavlo programa. fraqtaluri
arqiteqturuls propedevtikac swored am pincips unda emyarebodes.
sakvanZo sityvebi: fraqtali, arqiteqtura, propedevtika, geometriuli
gardaqmnebi.

1. Sesavali
vidre gadavwyvetdiT fraqtaluri arqiteqturis zogad Tu kerZo

gamovlenebSi qvecnobieris da logikuris urTierTmimarTebis problemebs,
upriania wina planze wamovwioT fraqtaluri arqiteqturis propedevtikuri
aspeqtebi. aseTi mosazreba gamowveulia rogorc reaqcia CvenSi gansaxilvel
sakiTxebSi arasakmaris informirebulobaze, rogorc student-
axalgazrdobis, aseve praqtikos specialistebis wreebSi, ramdenadac
gasakviri ar unda iyos dRevandeli informaciis mopovebisTvis gaxsnil
epoqaSi. saubaria  sxvadasxva xasiaTis obieqtebisa da procesebis
(Sesabamisad arqiteqturaSi) fraqtaluri mowyobis gagebisa da geometriuli
gardaqmnebis formaluri aparatis gamoyenebis mniSvnelobaze
formaTwarmoqmnisa da kompoziciis SemecnebiT, SemoqmedebiT da
profesionaluri interpretaciis Sefasebis (e.i. komunikaciis) procesSi.

2. ZiriTadi nawili
samyaros fraqtaluri mowyobis principis gageba dReisaTvis Rrmad iWreba

saqmianobis mraval sferoSi, maT Soris, rogorc arqiteqturul-samSeneblo
obieqtebis gare saxis formirebaSi aseve maT Sinagan struqturul
organizaciaSi. sakmaod moarulia gamoTqma, rom fraqtalebi „metyveleben“
bunebis eniT. buneba ki TavisTavad yovelTvis iTvleboda arqiteqturul
formaT warmoqmnis da kompoziciis STagonebis pirvel wyarod. sxvadasxva
epoqis xuroTmoZRvarTa mier aRiarebuli da praqtikaSi gamocdili
proporciulobis, kontrasti da niuansi harmoniulobis, komfortulobis,
sensori ki sideebi yovelTvis gamomdinareobdnen garemos Tu cocxali
bunebis asaxvis (gardasaxvis) Sedegad. amdenad gasakviri ar unda iyos, rom
fraqtaluri arqiteqturis motivebi msoflios arqiteqturis praqtikaSi
SeiZleba arsebul iyo fraqtaluri principis deklarirebamde maTematikaSi.
amis TvalsaCino magaliTia arqiteqtura. gaudis SesaniSnavi Semoqmedeba.
xolo maTematikos b. mandelbrotis mier mwyobrad da TvalsaCinod
Camoyalibebuli fraqtaluri Teoriis (bunebis fraqtaluri geometria)
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aRiarebas ar SeeZlo stimuli ar mieca arqiteqturuli praqtikisa
(cvihakeri) da meTodologiisTvis.  am SemTxvevaSi saqme gvaqvs fraqtaluri
arqiteqturis gaazrebul formirebaze, romlis Sedegi iolad sacnobia,
ramdenadac eyrdnoba iseT debulebebss, rogoricaa ganzomilebaTa
„araevkliduroba“, obieqtis struqturuli erTeulebisTviT msgavseba,
formaTa generaciis dinamika,  diskretuloba, formaTwarmoqmnis SedarebiT
martivi rekurentuli (momdevno bijis winaze damokidebuleba) algoriTmis
iteraciuloba  (procesis cikluri xasiaTi). moarulia gamoTqma, rom
fraqtalebi „metyveleben“ bunebis eniT. buneba ki TavisTavad yovelTvis
iTvleboda arqiteqturul formaTwarmoqmnis da kompoziciis STagonebis
pirvelwyarod. sxvadasxva epoqis xuroTmoZRvarTa mier aRiarebuli da
praqtikaSi gamocdili proporciulobis, kontrasti da niuansi
harmoniulobis, sensorikis ideebi yovelTvis gamomdinareobdnen garemos Tu
cocxali bunebis asaxvis (gardasaxvis) Sedegad. amdenad gasakviri ar unda
iyos, rom fraqtaluri arqiteqturis motivebi msoflios arqiteqturis
praqtikaSi SeiZleba arsebuliyo fraqtaluri principis deklarirebamde.
amis TvalsaCino ilustrirebaa indoeTis sakulto nagebobebi, msoflio
arqiteqturis mravali istoriuli Zegli. magaliTad: wminda ojaxis taZari
barselonaSi, parizis operis Senoba,  sakaTedro taZari milanSi, vasilis
taZari moskovSi, wminda petres taZari romSi, muhamedis meCeTi kairoSi,
taZari xajuraho indoeTSi da mravali sxva. arc qarTuli arqiteqturis
nimuSebia am mxriv gamonaklisi.

gansakuTrebiT aRvniSnavT, rom miuxedavad qronologiuri
asinqronulobisa, SesaniSnavia gaudisa da mandelbrotis SemoqmedebiTi da
mecnieruli saqmianobis  paralelebi - pirovnuli Tvisebebis individualoba,
gansacvifrebeli produqtiulobisa da Tavis specialobaSi novatorobis,
samyaros ganzogadoebuli, masStaburi, paradoqsalurad msgavsi aRqmis
fenomeni. pirvel rigSi gamoyofil da ganxilul a. gaudis da b.
mandelbrotis garda interesmoklebuli ar aris maTematikosebis: levi,
Jiuli, fatu, serpinski, mengeri, kantori (sxvadasxva kategoriis
fraqtalebis aRmoCena); klaini (geomertiuli gardaqmnebis jgufebis kvleva);
arqiteqtorebis: hakeri, tiurini, xazanovi, fiSeri da sxv. (gaazrebuli
fraqtaluri arqiteqtura); stu-s arqiteqturuli fakultetis, maT Soris
profesorebis fifia, TevzaZe, mujiri (arqiteqturuli kompoziciis
swavlebaSi empiriulidan Teoriuliaken ganzogadoebis paradigma)
monawileobis xarisxi CvenTvis saintereso sferoSi.

arqiteqturis nimuSebis (urbanuli ganviTarebis obieqtebis)
fraqtaluri geometriis aspeqtSi specifikur analizze da formaTwarmoqmnis
da kompoziciis am yovlis momcveli principis mniSvnelobis aqcentirebazea
orientirebuli   winamdebare sadoqtoro naSromi - „fraqtaluri
arqiteqtura - logikuri Tu qvecnobieri (gaudis fenomeni)“. amave dros,
fraqtaluri geometriis debulebebi, interpretirebuli iqneba, rogorc
tradiciul,  arqiteqtorebisTvis da aseve farTe sazogadoebisTvis gasageb
cnebebiT da kategoriebiT, aseve geometriuli gardaqmnebis TvalsaCino,
magram gonivrul farglebSi, maTematikurad mkacr  formalizmiT. Tu
gaviTvaliswinebT,  rom b. mandelbrotis monografia „bunebis fraqtaluri
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geometria“ arqiteqtorisTvis ar iyo dawerili. vfiqrobT, rom geometriuli
gardaqmnebis  popularul jgufebis (evkliduri, msgavsobis, afinuri,
proeqciuli da a.S. topologiuramde) invariantulobis xarisxis ranJireba
adekvaturad gamoxatavs formaTwarmoqmnis algoriTmis „gaZlierebis“
tendencias, iZleva  masTan  dakavSirebuli meTodikuri da teqnologiuri
sakiTxebis axsnas da qmnis fraqtalis struqturis ganviTarebis
(garTulebis) TvalsaCino paralelebs (asociaciebs) da, rac mTavaria,
meTodologiur safuZvels.

qvecnobieris rolis mniSvnelobis aRiarebasTan erTad empiriulidan
Teoriuli ganzogadebisken mimarTuli veqtoris - mecnierebidan praqtikisken
Semobrunebas unda emsaxurebodes yvela meTodologiurad   gamarTuli
saswavlo programa. fraqtaluri arqiteqturuls propedevtika swored am
pincips unda emyarebodes. gamosaxulebaTa zogadi Teoriis, geometriuli
gardaqmnebis formaluri aparatis, fraqtaluri geometriis instrumentebis
gamoyenebas alternativa ara aqvs.

fraqtaluri struqturebi samyaroSi kosmiuridan nukliarul donemde,
makro da mikro samyaroSi dominantur realobas warmoadgenen! Rrublebi,
mTagrexilebi, kanioonebi, mdinareebi, kontinentebis, wyalsacavebis,
saxelmwifoebis sasazRvro zolebi, sxvadasxva geofizikuri Tu kliomaturi
zemoqmedebis Sedegebi cocxali mcenareebi, cocxali organizmebi da maTi
nawilebi, rogorc wesi fraqtalebia. aseve fraqtaluri struqturis
niSnebiT xasiaTdeba adamianis saqmianobiT miRebuli Sedegebi.

nebismieri ganaSenianebis urbanunuli qsovili Tavisi sistemuri
ierarqiulobis gamo fraqtalur struqturas warmoadgens. naSromSi
moyvanili magaliTebi aseTi struqturebisaa. ,,sasurveli“ regularuli
wyobisada sxvadasxva xasiaTis qaotiuri zemoqmedebis Sedegad yalibdeba
realuri qalaqebi, aglomeraciebi  Tu ufro mcire gansaxlebis obieqtebi.
fraqtaluri xedva da qaosis Teoria Tanamedrove kvlevisa da
prognozirebis Tanamedrove instrumentad gvevlineba. (mag. m. axobaZis
naSromebi).

yvelaze ufro TvalsaCinoa Senoba nagebobebis konstruqciuli sqemisa da
fasadis danawevrebis fraqtaluri motivebi. istoriulad fraqtaluri
arqiteqtura swored am ierarqiul doneze ganixileboda.

gasuli saukunis 70-ian wlebSi arqiteqturuli bionikis
formaTwarmoqmnis aRiarebuli roli sxva araferia, Tu ara fraqtaluri
arqiteqturis erT erTi mimarTulebls gamovlena.

arqiteqturul melizmebad Cven movnaTleT istoriulad kargad
Seswavlili arqiteqturuli ornamentebi da  Tanamedrove teqnologiebTan
dakavSirebuli sinaTlis efeqtebi da instalaciebi. aRsaniSnavia da
erTgvarad moulodnelic, rom araregularul sistemebsa daqaosis TeoriaSi
ornamentebma da sivrcisa da sibrtyis dayofis, kerZod mravalRerZiani
simetriis gamovlinebebma erT-erTi wamyvani adgili daikava.

rogorc cnobilia, kompiuteruli grafikis ganviTarebis gareSe,
fraqtaluri geometriis popularizacia da TvalsaCino interpretacia
SeuZlebeli iqneboda.Tavis mxriv fraqtalurma geometriam kompiuteruli
grafikis axali dargi Seqmna- egreT wodebuli fraqtaluri grafika. Tu
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rastruli grafika feradi piqselebis mozaikis cifrul dafiqsirebad
SeiZleba CavTvaloT, veqtoruli grafika ki geometriuli figurebis -
primitivebis parametrul aRwerad gvevlineba, fraqtaluri grafika
geometriuli gardaqmnebis kategoriebze damyarebuli qveprogramebis
iteraciulad gamoyenebis RirsSesaniSnavi instrumentia, energiis, droisa da
sxva resursis maqsimalurad dazogvis saSualebaa.

SeiZleba SevTanxmdeT, rom mxedvelobiTi asociaciebi  aris fraqtaluri
arqiteqturis cnobadobis ZiriTadi faqtori. magram sinamdvileSi,
struqturuli  agebuleba aris ZiriTadi ganmsazRvravi pricipi. kvlevis am
fragmentSi gvinda xazi gausvaT struqturebis, maTi sazRvrebis zomis,
sididis da ganzomilebis urTierT damokidebulebas, rasac mivyavarT
obieqtebis uCveulo, aramTel ricxvTa wilad ganzomilebamde. Cven
ganvixileT fraqtalis ganmartebis mravali varianti, romelic metwilad
avtoris erudiciasda interesis sferos gamoavlens, magram TviT
mandelbrotiseuli fraqtalis ganmarteba aseTia: ,,fraqtali aris simravle,
romlis hauzdorfuli ganzomileba metia mis topologiur ganzomilebaze
(mag. britaneTis zRvispira sazRvris ganzomileba aris 1.3). aseTi saxis
midgoma damsaxurebul adgils moipovebs fraqtaluri struqturebis, kerZod
urbanuli teritoriebis maxasiaTeblebs Soris.

radganac arqiteqturuli saqmianobis ZiriTadi daniSnuleba aris garemos
gamowvevebis ara mxolod energetikuli) adekvaturi pasuxi, Cveni interesis
sferoSia am problemis Semdegi aspeqtebi:

• SemecnebiTi aspeqti - garemos gamowvevebis TvalsaCino asaxva;
• am zemoqmedebaze geometriuli formaTwarmoqmnis instrumentariis

meSveobiT adekvaturi inJinrul-dizaineruli pasuxi.
• geometriuli modelirebis Sedegebis realisturi ilustrireba

(fotorealisturi vizualizacia, displeuri procesebi).
qaosi arqiteqturasa da qalaqgegmarebaSi ganixileba rogorc

TviTCamoyalibebis Sedegi ganviTarebis garkveul etapze, romelic unda
moergos axal wesrigs.

Cveni SexedulebiT struqturulad da TanmimdevrobiT fraqtaluri
arqiteqturis propedevtika unda moicavdes Semdeg sakiTxebs:
• fraqtaluri arqiteqturis identifikacia
• istoriuli aspeqti
• gaudisa da mandelbrotis SemoqmedebiTi da mecnieruli saqmianobis
paralelebi

• personalia
• geometriuli gardaqmnebidan fraqtalur geometriamde
• fraqtaluri geometria da arqiteqturuli propedevtika
• fraqtaluri struqturebi samyaroSi
• fraqtaluri struqturebi qalaqTmSeneblobaSi
• fraqtaluri struqturebi Senoba-nagebobebSi
• arqiteqturuli bionika
• fraqtaluri melizmebi da instalaciebi     arqiteqturaSi
• fraqtaluri kompiuteruli grafika
• optikuri asociaciebi Tu axleburi ganzomilebebi arqiteqturaSi
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• SemecnebiTi, kreatiuli da komunikaciuri aspeqtebi arqiteqturaSi
• qaosi - wesrigi, qvecnobieri - logikuri arqiteqturaSi
emoTavazebuli interpretacia orientirebulia arqiteqturisa da dizainis

problemebis axleburad gaazrebasa da maTi modelirebis erTiani sistemuri
midgomis Camoyalibebaze.

3. daskvna
fraqtali araferia Tu ara geometriuli figurebis (primitivebis)

elementaruli gardaqmnis operaciebis (gadatana, brunva, masStabireba)
gansazRvruli TanmimdevrobiT generirebuli kompozicia, rac rekurentuli
algoriTmis iteraciuli ganmeorebiT miiRweva.

aq dasamatebelic aRaraferia, Tu terminebi da sityvaT SeTanxmebebi
gagebuli iqneba specialuri mniSvnelobiT. swored es „specialuri“ gagebaa
winamdebare naSromSi  ganxilvisa da popularizaciis stimuli da, rac
mTavaria, arqiteqturuli propedevtikas sagani.
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mSeneblobis procesSi warmoWrili gruntis gamagrebis
problemebis teqnologiuri gadawyveta

i. qvaraia
(saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0175, Tbilisi,

saqarTvelo)
reziume: statiaSi ganxilulia mSeneblobis procesSi wamoWrili gruntis
gamagrebis problemis gadawyvetis RonisZiebebi. gansakuTrebiT rTulia
maTi ganxorcieleba Senobis garkveuli nawilis agebis Semdeg, rodesac
icvleba saproeqto dokumentacia da samuSaoTa Sesrulebis teqnologia,
izrdeba mSeneblobisTvis gankuTvnili xarjebi da vadebi.
sakvanZo sityvebi: grunti, betoni, rkinabetoni, ximinji, kedeli, saZirkveli,
gamagreba, armatura, rostverki.

1. Sesavali

QSenoba-nagebobebis proeqtirebis dros, Zalze didi mniSvneloba aqvs
sainJinro-geologiuri saZiebo samuSaoebis Sedegad gansazRvruli gruntis
fizikur-meqanikuri Tvisebebis siswores. aRniSnul monacemebze dayrdnobiT
xorcieldeba saZirkvlis da mTeli Senobis gaangariSeba. miuxedavad am
sakiTxisadmi gansakuTrebuli yuradRebisa, mSeneblobis procesSi SeiZleba,
sxvadasxva  mizezebis gamo moulodnelad warmoiSvas gruntis gamagrebis
aucilebloba, rasac Sedegad mosdevs axali saproeqto gadawyvetilebis miReba
da konstruqciuli nawilis gadaangariSeba. fuladi da SromiTi danaxarjebis
gauTvaliswinebel da sakmaod mniSvnelovan zrdasTan erTad am dros xSirad
adgili aqvs samSeneblo procesebis warmoebis garTulebas da mSeneblobis
vadebis gaWianurebas. aRniSnulis sailustraciod moyvanilia TbilisSi
maxaTas mTaze samonastro kompleqsis  kolonadis mSeneblobisas wamoWrili
gruntis gamagrebis problemis praqtikuli gadawyvetis magaliTi.

2. ZiriTadi nawili
AkaribWis mSeneblobis dros ganxorcielda mis marcxniv mdebare

rkinabetonis TaRebiani kolonadis karkasis mowyobis samuSaoebi lenturi
saZirkvlis gamoyenebiT. proeqtis mixedviT zustad analogiurad unda
momxariyo marjvena kolonadis mSenebloba, magram Lmiwis samuSaoebis
dawyebisTanave gairkva, rom gruntis mzidunarianoba am nawilSi arasakmarisi
iyo da is seriozul gamagrebas moiTxovda. nayari gruntis gamagrebisaTvis
gadawyda mimdebare teritoriaze mZlavri rkinabetonis sayrdeni kedlis
mowyoba da kolonadis saZirkvlad 10-12m sigrZis, 40sm diametris mqone
Sewyvilebuli, burRtenili ximinjebis gamoyeneba. Sesabamisad moxda proeqtis
gadaangariSeba da radikalurad Seicvala am nagebobis mowyobis
teqnologiuri procesi, ramac sruliad gauTvaliswinebeli da sakmaod
soliduri danaxarjebi gamoiwvia.

Dpirvel rigSi nayari gruntis sazRvarze daiwyo rkinabetonis  mZlavri
sayrdeni kedlis ageba (nax.1.) ise, rom  kolonadis nagebobis bolo seqcia
zustad aRniSnuli kedlis Suaze yofiliyo orientirebuli da aRniSnul
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kedels gruntis gamagrebasTan erTad kolonadis ukanaskneli konstruqciuli
nawilis sayrdenis funqciac Seesrulebina.

simaRleSi, sayrdeni kedlis garkveuli nawilis agebis Semdeg xdeboda
misi kedlebis hidrosaizolacio mastikiT dafarva da gruntiT Sevseba ise,
rom ukve am donidan warmarTuliyo sardeni kedlis armireba da

nax.1 rkinabetonis sayrdeni kedlis agebis procesi

Nnax.2. kolonadis saZirkvlis mowyoba da misi mierTeba sayrden kedelTan
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Nnax.3. sayrdeni kedeli da kolonada dasrulebuli saxiT

dayalibeba. Kkedlis saproeqto niSnulis miRwevis Semdeg daiwyo kolonadis
burRtenili ximinjebis mowyoba, romlebic rostverkis saSualebiT da sayrden
kedlTan gadambis Sedegad gaerTiandnen erT mTlian sistemaSi (nax,2).
dasrulebuli sayrdeni kedeli da kolonada naCvenebia nax.3-ze.

3. daskvna

1. mSeneblobis procesSi wamoWrili gruntis gamagrebis problema Zalze
arasaxarbielo movlenaa, romelic dakavSirebulia mSeneblobis xarjebis
sruliad gauTvaliswinebel, sakmaod mniSvnelovan zrdasTan da samSeneblo
teqnologiuri procesebis radikalur cvlilebebTan. aRniSnuli sirTuleebis
asacileblad, aucilebelia daproeqtebis stadiaze sainJinro-geologiuri
saZiebo samuSaoebis Sedegebis ramdenjerme gadamowmeba, sxvadasxva
specialistebis moweviT.
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Tanamedrove qaris energetikis
teqnologiuri  done.

a. axvlediani, a. gogolaZe, g. axvlediani

(saqarTvelos teqnikuri universiteti, 0175 m. kostavas 77,
saqarTvelo, Tbilisi)

reziume: qaris energetikam 2000-2015 w.w. ganicada sagrZnobi winsvla kerZod,
eleqtroenergiis TviTRirebuleba evrocenti/kvt.sT. Semcirda 35.0-6.0
evrocentamde da xvedriTi kapitaldabandeba evro/kvt Seicvala 5000-1000
mde es ki gavZlevs saSualebas davaskvnaT, rom qaris energetika
amJamaduwevs konkurencias tradiciul emnergetikas.
sakvanZo sityvebi: qaris energetika.

1. Sesavali
bolo 20 wlis ganmavlobaSi  qed (qaris eleqtro danadgari) – is qaris

borblis diametri 20 metridan da 25-30 m. koSkis simaRlidan „gaizarda“ 126 m.
diametramde  da  200 m. koSkis simaRlemde.  2016  wlisTvis simZlavre ki
gaizarda 5.0 – 6.0  mgvt. am de.

2. ZiriTadi nawili

msoflioSi 2015 wlisTvis  qed-s dadgenili jamuri simZlavris  40%-de
modis qed - 1,5-3,6 mgvt. odenobis erTeul simZlavreze.
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amJamad,  seriuli qed -s resursma miaRwia 120 000 saaTs, an 20 wels, 11-
13 wlis muSaobis erTi kapremontis pirobebSi. axal qed-ze wamyvani

mwarmoeblebis garantia Seadgens 2 wels, „second hand“ qed-ze - 1 wels.

ENERGON, GAMESA,VESTAS kompaniebis monacemebiT Sromis danaxarjebi
warmoebaze, miwodebaze, dayenebaze, qselis mierTebaze da qed-s gaSvebaze
nominaluri simZlavris 1 mevt-ze meryeobs 12-dan 22 adam. /  wl.

mwarmoeblebis monacemebiT bolo Taoebebis qed-s momsaxureba Seadgens
daaxloebiT 40 saaTs weliwadSi. kontroli Tanamedrove qed -s muSaobaze
xorcieldeba distanciurad, sareglamnto samuSaos awarmoeben mobiluri
brigadebi: 1 specialisti 10-15 qed-ze, muSaobis pirvel 5-7 w.

teqnologiebis ganviTarebis, qed-s zomebis da maTi koSkebis gamaRlebis
wyalobiT da qed-s ganTavsebiT qaris maRali potencialis mqone adgilebSi,
maTi nominaluri simZlavris gamoyenebis koeficienti Seadgenen 24-25%, xolo
2016-2018 wlebisTvis igegmeba misi mniSvnelobis miRweva 28%-de.

Tanamedrove qed  umaRles efeqtianobas aRweven mravalagregatian qed-s
SemadgenlobaSi maTi optimaluri ganTavsebis pirobebSi (qaris mimarTulebisa
da adgilis topografiis gaTvaliswinebiT).

Tanamedrove qes (qaris eleqtro sadguri)-s dadgenili simZlavre aRwevs
300 megavats. eleqtruli qselebis teqnikuri mdgomareobis, energetikul
sistemebze qed-s dasaSvebi datvirTvis, maTi dayenebis optimaluri adgilis
SerCevis gaTvaliswinebiT, amJamad yvelaze efeqtiania qes 30-50 mevt jamuri
simZlavriT.

Tanamedrove qaris energetikis perspeqtiul msxvilmasStabur
mimarTulebas warmoadgens ofSoruli qes,  romelic funqcionirebs zRvis
Selfze. ofSoruli qes nominaluri simZlavre aRwevs 400 mevt  sabazo qed-s
aranaklebi 2 mevt erTeuli simZlavris SemTxvevaSi. ekonomikuri kriteriumebis
mixedviT (wyalqveSa energokomunikaciebis, saZirkvlisa da  qed -s montaJis
siZvire) rentabeluria qed-bi, romlebic agebulia napiridan 40 km  manZilze da
Selfis ara umetes 35 m. siRrmeze.

ofSoruli qes-s ZiriTadi poligonebia - baltiis, CrdiloeTis da
norvegiis zRvebi, SefasebiT maTi jamuri gamomuSaveba  aRemateba evropis
energetikul moTxovnebs. ofSoruli qaris energetikis liderebi arian -
germania, dania da espaneTi.

qed-s sasargebloT mniSvnelovan arguments warmoadgens maT mier
warmoebuli eleqtroenergiis ekologiuroba.  1 mevtis mqone nominaluri
simZlavris  SemTxvevaSi qed-s gamoyeneba iZleva SesaZleblobas 2000 t.
Seamciros  naxSirorJangis, 5 t. - naxSirbadis, 13 t. - gogirdis dioqsidis, 1
tonamde - mtveris  wliuri emisia.

qed-s mniSvnelovan upiratesobas tradiciul eleqtrosadgurebTan
SedarebiT warmoadgens maTi simZlavreebis swrafi Seyvana da qed
SesaZleblobebis mateba moduluri sqemis mixedviT. mravalagregatiani qed -s
agebis dros maT SemadgenlobaSi megavatiani simZlavris mqone qed-s montaJi
saZirkvlis arsebobis SemTxvevaSi xorcieldeba siCqariT - 1–Tis  dayeneba 2-3
dReSi.
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3. daskvna

satatiaSi mocemuli grafiki gavZlevs saSualebas davsakvanT, rom 2000-
2015 ww qaris energetikam ganicada sagrZnobi winsvla kerZod, eleqtroenergiis
TviTRirebuleba evrocenti/kvt. sT. Semcirda 35.0-6.0 evrocentamde da xvedriTi
kapitaldabandeba evro/kvt Seicvla 5000-1000 mde es ki gvaZlevs saSualebas
davaskvnaT, rom qaris energetika amJamad uwevs konkurencias tradiciul
energetikas.
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cementis fuZiani kompozitebis Zabvebis da deformaciebs
Soris damokidebulebis, sxvadasxva cocvadobis birTvebi da

maT Soris kavSirebis gamosaxulebebis dadagena
a. sayvareliZe

(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi
saqarTvelo.)

reziume: dadgenilia izotropuli, kompoziciuri masalebis (sxvadasxva
saxis mZime betonebi) Zabvebsa da deformaciebs Soris kavSiris amsaxveli
universaluri gamosaxuleba. naCvenebia, rom gamosaxulebaSi umTavresia
sxvadasxva saxis cocvadobis birTvebis gansazRvris amocanebi. mocemulia
cocvadobis birTvebis (kumSva-gaWimvis, Zvris da moculobiTi) gansazRvris
meTodika da formulebi. Seswavlilia da dadgenilia sxvadasxva
cocvadobis birTvebs Soris kavSirebis amsaxveli gamosaxulebebi.
sakvanZo sityvebi: kompoziciuri masalebi, Zabva, deformacia, kumSva-gaWimvis
cocvadobis birTvi, Zvris moduli, Zvris cocvadobis birTvi, moculobiTi
kumSvis koeficienti, puasonis koeficienti.

1. Sesavali
gamokvlevis mizania: daadginos cementis fuZian samSeneblo kompozitebis

sxvadasxva saxis datvirTvebisas Zabvebsa da deformaciebs Soris kavSiris aRmweri
universaluri gamosaxuleba, gansazRvros masalebis sxvadasxva saxis(kumSva-
gaWimvis, Zvris, moculobiTi) coccvadobis birTvebi, daadginos sxvadasxva
cocvadobis birTvebs Soris kavSiris amsaxveli formulebi.

2. ZiriTadi nawili
cementis fuZiani kompozitebi (sxvadsxva saxis mZime betonebi) SeiZleba

ganvixiloT rogorc izotropuli masalebi /1,2,3 /. kompozitebis cocvadobasa da
Zabvebs Soris kavSiri gaWimvisa da grexisas wrfivia datvirTvis mTel diapazonze,
xolo kumSvisas es kavSiri wrfivia mrRvevi datvirTvis 0,4-mde /1,2,3,4/ aRsaniSnavia,
rom momqmedi normatiuli dokumentebi iTvaliswinebs kumSvisas betonebis
cocvadobis gansazRvras 0,3 mrRvevi datvirTvis dros  e.i. wrfiv areSi.

aqedan gamomdinare izotropuli masalebisaTvis, wrfiv areSi kavSiri Zabvebs,
deformaciebsa da dros Soris (mudmivi temperaturisa da tenSemcvelobisas)
gamoisaxeba universaluri formuliT:

            



 

t

ijij

t

ij dttdtt
0

1

0

,,
3

1
, 

(1)

sadac: (t, ) – Zvris cocvadobis birTvia; 1(t, ) – moculobiTi cocvadobis

birTvia; t – dro, aiTvleba nimuSebis damzadebis momantidan (t=0);  - drois

nebismieri momenti intervalSi 0t; ij – Zabvebi da ij – deformaciebi momentamde

=t0 udris nuls, amitom t0 aris asaki datvirTvis modebis momentisaTvis.

0

0

t0

;t0










roca

roca
ij

0

0

t0

;t0










roca

roca
ij

i,j=1,2,3

3
332211 






saSualo hidrostatikuri wneva;

ij- erTeulovani tenzori – kronekeris simbolo;
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ji,0

;ji,1





roca

roca
ij

martivi (erT RerZa) kumSva-gaWimvisas gvaqvs:
 

  1;
3

;0,,

0,0

ij
11

332211

11ij11












ij

am aRniSvnebis SetaniT (1)-Si, formula miiRebs saxes:

       
 
t

II
ijII

t

ij

d
tdt

0

'
2

0

11 3
,,


 (2)

sadac:
      ,,

3

1
, 1

'
2 ttt 

(3)
avRniSnoT:       ,,

3
1

, '
2 ttt  (4)

(4)-is SetaniT (2)-Si miviRebT, rom martivi kumSva-gaWimvis dros

    11

0

11 , dt
t

p  
(5)

sadac: p – kumSva-gaWimvis birTvia.

p –is gansazRvrisaTvis gamoiyeneba cocvadobis cdebi nimuSebis gaWimvisas an

kumSvisas. cocvadobis cdaSi myisierad moedeba da SenarCundeba mudmivad Zabva II
e.i. daisaxeba

   0
0 ttht IIII   (6)

sadac: h(t) hevisaidis erTeulovani funqciaa, romelic ganisazRvreba rogorc

integrali  funqciidan (dirakis funqcia):

     dtth
t

t

 
0

0

e.i.
 

0

0
0 t0

;t1






t

t
tth

roca

roca

dirakis funqcia  aris hevisaidis funqciis warmoebuli

   x
dx

xdh


praqtikaSi sargebloben  fuqnciis gansazRvriT:

 
0

;00





t

t
t

roca

roca
  








 1dtt
>0 –s Tvis

da  fuqnciis TvisebiT uwyveti f(x) –Tvis

 
a tb;0

;atb)(
,)(




 t

tf
ttf

b

a
roca

roca


cocvadobaze cdebSi Zabvis  0
0 tthIIII   moqmedebis dros t0 asakis nimuSisaTvis

vpoulobT kumSva-gaWimvis cocvadobis birTvs

   
00,
II

II
p

t
tt





(7)

masalaTa Zvris cocvadobis birTvebis gansazRvrisaTvis viyenebT cilindruli
nimuSebis grexaze gamocdebs. grexis dros gvaqvs:.

012    0
12


ijij 012  0 0ij
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a - radiusis da ℓ saangariSo sigrZis cinindruli nimuSis grexaze cocvadobis

cdebSi - mudmivi momentis M0-is moqmedebisas deformacia 12, r manZilze
cilindris RerZidan dakavSirebulia nimuSis grexis kuTxesa da saangariSo
sigrZesTan:

   
2

,
2 12

tr
tr




 


(8)

sadac: =/ℓ,  - Zvris kuTxe,  - grexis kuTxe, r – nimuSis radiusi, 0ra, ℓ sigrZe.

maSasadame Zvris dros Zabva 12 – damokidebulia r da t-ze. (8)-dan gvaqvs:

   





 d
r

t
r t




 
,

,
2

12

0

12

(9)
momentis gansazRvris gaTvaliswinebiT:

  drrrM
a

  3

0

12 2

(9)-dan vpoulobT
    dMtI

t

p  
0

,
2

1

da cocvadobisaTvis M=M0h(t-t0) momentis moqmedebisas ganvsazRvravT Zvris
cocvadobis birTvs:

 
00 2

),(
M

tI
tt p 


(10)

viRebT mxedvelobaSi, rom 12=(r)/2; 0
12=(rM0)/Ip da am mniSvnelobebis (10)-Si

SetaniT formula miiRebs saxes:
 

0
12

0 ),(

 t

tt 
(11)

SevniSnavT, rom (0
12)max=(M0a)/Ip 0ra

moculobiTi cocvadobis birTvebi (funqciebi), romlebic Sedis formulaSi (1)
ganisazRvreba uSualod nebismieri formis nimuSis cocvadobaze cdebiT dawneviT
kameraSi. moculobiT-kumSvis (gaWimvis) dros gvaqvs:

  0,, 332211    0,, 332211 

3
332211 




 0
3 ij

332211 


 




am aRniSvnebis SeatniT (1)-Si miviRebT:

        dtttQ
t

 
0

1 ,3
(12)

moculobiTi cocvadobis cdaSi kameraSi myisierad iqmneba wneva P0=-0, romelic
droSi mudmivad aris SenarCunebuli da izomeba deformaciebi, e.i. dasaxulia

   00 ttht   (13)

moiZebneba funqcia    0010 ,)(3 tthtttQ   (14)
moculobiTi cocvadobis birTvs vpoulobT:

 
0

01

)(3
,


 t

tt 
(15)

formulidan (3) da (4) vsazRvravT Zvris, kumSva-gaWimvisa da moculobiTi
cocvadobis birTvebs Soris kavSirs:



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(39), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

135











69
9

1

3

2

1

1

p

p

(16)
(2) da (3)-dan vpoulobT rom martivi kumSva-gaWimvis dros ganivi deformaciebi

22(t)          ddtdtdtt
t

p

t

 
0

1111

0

1
222 ,,,)( (17)

puasonis koeficientis gansazRvrisas:

),(

),(),(

)(

)(

0

00

11

22

tt

tttt

t
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p

p



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




miviRebT, rom
1

),(

),(

0

0 




tt

tt

p


(18)

myisi datvirTvisas, roca tt0

1
2/1

1
),(

),( 0

0

0
0 








E

G

tt

tt

p


(19)

(19)-dan gamomdinareobs: 


1
2

E
G

(20)
sadac: G – Zvris modulia, E – drekadobis moduli Tu TiToeuli asakis t0 da t-t0

dros =0=const, maSin kavSiri cocvadobis birTvebs  da p Soris gamoisaxeba
formuliT:

  p 01  (21)

(21) SetaniT (16)-Si miviRebT:   p 01 213  (22)

myisi datvirTvisas, roca tt0 (22) miiRebs saxes:
 

00
01

11
213

kE
 

(23)

(23)-dan k0=E0/3(1-20) (24)
sadac: k0 – moculobiTi kumSvis koeficientia.

3. daskvna
gamokvleviT dadgenilia cementis fuZiani kompozitebis Zabvebsa da

deformaciebs Soris kavSiris aRmweri universaluri gamosaxuleba. mocemulia
betonebis sxvadasxva (Zvris, kumSva-gaWimvisa da moculobiTi) cocvadobis
birTvebis gamosaxulebebi. gansazRvrulia sxvadasxva cocvadobis birTvebis
gamosaxulebebs Soris kavSiris aRmweri Tanafardobebi; damuSavebulia puasonis
koeficientis, drekadobis modulisa, moculobiTi kumSvis koeficientis
gansazTvris gamosaxulebebi da maT Soris kavSiris Tanafardobebi.
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2. Александровский К. В. Расчет бетонных и ж\б конструкций на изменения температури и
влажности с учетом ползучести. 2-ое издание, М. 1973 432 с

3. Сакварелидзе А. В. Вопросы вязкоупругости строительных композициониых материалов на
силикатной основе. Автореферат докторской дисертаций Тбилиси, 1999    с 49

4. Бетоны. Методи определелениа деф. усадки и ползучести. Гост 25544-81 М. 1981 с 21-32
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vanturi xidis sixistis koWis gaangariSeba vantis
damyolobis gaTvaliswinebiT

m. Wanturia, n. xomeriki
(saqarTvelos teqnikuri universiteti, m. kostavas 68, 0175 Tbilisi,

saqarTvelo)
reziume: naSromSi mocemulia mravalmaliani vanturi xidis gaangariSebis
meTodika. Tanamedrove xidebis saxeobani metad mravalferovania. maTi
klasifikacia SeiZleba sxvadasxva TvalsazrisiT moxdes. vanturi xidebis
mniSvnelova nTaviseburebas warmoadgens maTi konstruqciuli formebis
mravalferovneba. vanturi xidi, rogorc arqiteqturuli ansamblis
dominanturi elementi, gazrdil moTxovnebs uyenebs arqiteqtorebs da
inJiner-konstrqutorebs, ris Sedegadac vanturi xidebi, sxva sistemis
xidebTan SedarebiT, gamoirCeva konstruqciuli mravalferovnebiT.
sakvanZosityvebi: vantebi, mRunavi momenti, uWri koWi, cocvadobis
maxasiaTebeli, vantis damyoloba, epiura.

1. Sesavali
satransporto komunikaciebi, maT Soris xidebi, bevrad gansazRvraven

saxelmwifos keTildReobas da misi ganviTarebis perspeqtivebs.
avtotransportiT Sesrulebuli gadazidvebi, gansakuTrebiT mokle

manZilebze, saxelmwifosTvis mniSvnelovani mogebis momtania. amis gamo mTel
msoflioSi  didi yuradReba eqceva saavtomobilo gzebis mSeneblobas da
qalaqebis sakomunikacio qselis ganviTarebas. avtosagzao mSeneblobaSi metad
mniSvnelovania xidebisa da sxva sagzao gadakveTebis, sagzao infrastruqturis
yvelaze ZviradRirebuli obieqtebis roli. maT unda uzrunvelyon
Seuferxebeli da usafrTxo moZraoba gzebze.

2. ZiriTadi nawili
Tanamedrove xidebis saxeobani metad mravalferovania. maTi klasifikacia

SeiZleba sxvadasxva TvalsazrisiT moxdes. daniSnulebis mixedviT ZiriTad
saxeobas rkinigzis da avtosagzao xidebi warmoadgens. Tanamedrove tipis
vanturi sistemebis ganviTareba dakavSirebulia mavTuliani bagirebis
warmoebis masiur xasiaTTan, rac SesaZlebeli gaxda foladis metalurgiis
ganviTarebasTan erTad. me-19 s-is pirvel naxevarSi da gansakuTrebiT me-19 - me-
20 s.s.-is mijnaze evropasa da amerikaSi aigo mravali inJinruli da
arqiteqturuli TvalsazrisiT SesaniSnavi vanturi sistemis xidi.
saqarTveloSi Tanamedrove sistemis vanturi xidia (sixistis koWis gareSe)
prof. e.krilcovis proeqtiT 1928 wels aSenebuli cnobili xidi md. maganaze.

nax.1.xidi md. maganaze.
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vanturi xidebis mniSvnelovan Taviseburebas warmoadgens maTi
konstruqciuli formebis mravalferovneba [2]. vanturi xidi, rogorc
arqiteqturuli ansamblis dominanturi elementi, gazrdil moTxovnebs uyenebs
arqiteqtorebs da inJiner-konstrqutorebs, ris Sedegadac vanturi xidebi, sxva
sistemis xidebTan SedarebiT, gamoirCeva konstruqciuli mravalferovnebiT. es
exeba rogorc vantebis sistemas da malis naSenis konstruqcias, ise xidis
pilonebs. miuxedavad vanturi xidebis pilonebis konstruqciuli
mravalferovnebisa isini SeiZleba dajgufdes or ZiriTad tipad: xisti da
moqnili.

yoveli Sualeduri sayrdenis sixiste ganisazRvreba Sesabamisi vantis
deformaciulobiT, daxris kuTxiT da pilonis Tarazuli gadaadgilebiT
vantis Camagrebis doneze.

nax. 2. Svidmaliani vanturi xidis saangariSo sqema
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vanturi xidebis gaangariSeba statikur da dinamikur datvirTvebze
dakavSirebulia mTel rig maTematikur sirTuleebTan. amis gamosakiTxis
gasamartiveblad gaangariSebis arsebuli meTodebi iyeneben sxvadasxva
daSvebebs. maT Soris ZiriTadi Semdegia:

_ vantur xidis sixistis koWs warmovidgenT rogorc mravalmaliam uWr
koWs drekad sayrdenebze;
_ vantebi rxevis procesSi rCeba gaWimuli, anu ganixileba sistemis mcire
gadaadgilebebi, romelTa dros vanti ar gamodis muSaobis mdgomareobidan;

_ vantis masa savali nawilisa da sixistis koWis masasTan SedarebiT
ugulvebebyofilia;

_ koWis sixiste da malis naSenis grZivi metris wona xidis mTel
sigrZeze mudmivi sididea;

_ Sualedburjebze pilonis dayenebis adgilas sixistis koWi ar iTvisebs
mRunav momentebs;

_ rxevebis milevis gavlena da pilonebis inerciisT arazRvuli Zalebi
ugulvebelyofilia.

am daSvebis safuZvelze saangariSo sqema warmoadgens boloebze
saxsrulad dayrdnobil da vantebis mimagrebis adgilebSi drekadi Sualeduri

sayrdenebis mqone koWs, l maliT [1]. gaangariSebulia Svidmaliani vanturi
xidis sixistis koWi vantis damyolobis gaTvaliswinebiT. xidi aSenda 1995-97
wlebSi borjomSi arsebuli samSeneblo masalebiT. im periodSi misi
statikuti an dinamikuri gaangariSeba ar momxdara. misi ageba mimdinareobda
didi qarTveli mecnieris, xidebis ubadlo specialistis profesor givi
kizirias konsultaciiT. naSromSi pirvelad iqna damuSavebuli meTodikiT am
xidis statikuri gaangariSeba. amitomac datvirTvebi da samSeneblo masalebis
maxasiaTebeli sidideebi aRebul iqna ukve arsebuli xidis mixeviT.

yoveli Sualeduri sayrdenis sixiste ganisazRvreba Sesabamisi vantis

deformaცiulobiT, daxris kuTxiT da pilonis Tarazuli gadaadgilebiT
vantis Camagrebis doneze.

gaangariSebis gamartivebis mizniT, konstruqciuli mosazrebebidan da
mRunavi momentebis racionauri ganawilebis pirobidan gamomdinare panelebis
sigrZe erTnairi iniSneba, drekadi sayrdenebis sixisteebs Soris sxvaoba
mcirea da sakmaod kanonzomierad mcirdeba malis Suisken.

kanonikuri gantoleba am SemTxvevaSi iqneba xuTwevriani, radgan

iM momentisagan gamowveuli gadaadgileba vrceldeba or malze marjvniv i -dan

da erT malze marcxniv i -dan, e.i. Cvens SemTxvevaSi iqneba:
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sadac gadaadgilebebi gamoiTvleba Semdegi formuliT:

mkmnm
kn

nk RRC
EI

dSMM   ,

mpmnm
pn

np RRC
EI

dSMM
  .

3. daskvna

1. uWri koWis gaangariSeba SeiZlebadaviyvanoT martiv, or sayrdenze

mdebare koWis gaangariSebaze, romelzedac moqmedebs 1nM , M momentebi

da mocemuliq datvirTva. es daSveba 0.93 saimedoobiT iZleva zust

Sedegs.

2. arsebuli xidis statikurma gadaangariSebam gviCvena, rom xidi muSaobs
damakmayofileblad. simtkicis da sixistis pirobac dakmayofilebulia.

literatura

1. Чантурия М.Л.  Усилия, возникшие в статически Неопределимых конструкциях в
результате ползучести бетона, как функции случайной величины скорости развития
деформаций.XIIIобъединенная сессия научно-исследовательских институтов закавказных
республик по строительству. 3-6 ноября 1987г. Тбилиси 1987, ст. 54-56

2. m. Wanturia. kompleqsur konstruqciebSi cocvadobis deformaciebis
ganviTarebis prognozireba. samecniero teqnikuri konferen. ‘mSenebloba
da XXI sauk.”moxsenebebi Tbilisi 2005w. gv. 291-295
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daxrili fskeris mqone samTo Rrma wyalsacavSi Rvarcofis

Semodinebis organzomilebiani (2D) ricxviTi modelireba

g. berZenaSvili1 x. iremaSvili1 g. jinjixaSvili2

1 saqarTvelos teqnikuri universiteti, m. kostavas q. 77, Tbilisi 0175,
saqarTvelo

2 israelis eleqtrokorporacia, netiv haoris q. P.O.B 10, haifa 3100, israeli
reziume: ganxilulia organzomilebiani (2D) potenciuri moZraobis
ricxviTi amonaxseni sasrul-sxvaobiTi, operatoruli, aracxadi
iteraciuli saxiT da SemoTavazebulia Rvarcofis Semodinebis Sedegad
warmoSobili eqstremaluri talRebis prognozirebis meTodika daxrili
fskeris mqone viwro da Rrma samTo wyalsacavebisaTvis.
sakvanZo sityvebi: wyalsacavi, Rvarcofi, eqstremaluri talRa, ricxviTi
amonaxseni, potenciuri moZraoba.

1. Sesavali
garkveul SemTxvevebSi sakmarisia ganvixiloT or-ganzomilebiani (2D)

sasazRvro amocana mxolod vertikalur XoZ sibrtyeSi. aseTi daSvebiT mcire
amplitudiani talRebis (mat) Teoriis safuZvelze miRebuli gantolebaTa
sistema SesaZlebelia gamoviyenoT Rrma da viwro erTgvarovani siganis samTo
wyalsacavebSi Rvarcofis Semodinebis maTematikuri modelirebisaTvis.

2. ZiriTadi nawili
potenciuri moZraobis gantolebebs (im daSvebiT, rom yvela operatori da

saZiebeli funqcia gansazRvrulia diskretul areze) operatoruli

formiT aqvs Semdegi saxe:

(1)

miRebuli gantoleba SesaZlebelia amovxsnaT Sereuli orSriani da
Tavisufal zedapirze samSriani aracxadi iteraciuli meTodiT (parametriT s),
romlis gardaqmniT sabolood miviRebT:

(2)

sadac და iteraciuli parametrebia, sivrciTi da drois
mixedviT da operatorebi marTkuTxa formis areze ganisazRvreba Semdegnairad:

(3)

(4)
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qvemoT ganvixilavT Tu rogor SeiZleba marTkuTxedis formis arisaTvis
gansazRvruli Cvens mier SemuSavebul meTodikis gamoyeneba daxrili fskeris
mqone rTul areze.

aviRoT ganzogadebuli maTematikuri modeli, romlis mixedviT
sqematizebul wyalsacavSi sawyis ( ) momentSi warmoiqmneba talRuri procesi
fskerze Semkvrivebuli sisqis Rvarcofis Semodinebisa da misi

siCqariT gavrcelebis Sedegad.
Rvarcofi fskeris gaswvriv moZraobs drois ganmavlobaSi. igulisxmeba,

rom stratificirebuli nakadis mTel sigrZeze da frontis win wylis
gamodevnis Sedegad warmoiqmneba sigrZis "SeSfoTebis zona", sadac wylis
nawilakebis moZraoba upiratesad mimarTulia fskeris normalis gaswvriv da
Tu adgili aqvs nakadis simaRlis Semcirebas fskeris normalis
sawinaaRmdegod. SeSfoTebis areze wylis gamodevnis siCqare aRvniSnoT

sididiT.

nax. 1 daxrili fskeris mqone samTo viwro wyalsacavSi Rvarcofuli nakadis
Semodinebis saangariSo sqema da ricxviTi bade sasrul sxvaobiTi meTodis

(marTkuTxa aproqsimacia) safuZvelze.

აmocanis gamartivebis mizniT davuSvaT, rom am moZraobis siCqare mTel ubanze
Tanabaria, mudmivi da SeSfoTebis zona warmoiqmneba mxolod Rvarcofis
frontis win. amavdroulad Rvarcofis moZraobasTan erTad xdeba
SeSfoTebis zonis gadaadgilebac fskeris gaswvriv drois
ganmavlobaSi mudmivi siCqariT. rodesac Rvarcofis moZraoba wydeba
da . Rvarcofis gadaadgilebis sigrZe gamoiTvleba Semdegnairad

(5)

ganvsazRvroT siCqareebis sidide im mosazrebiT rom Rvarcofis mier sruli
manZilis gavlis Sedegad gamodevnili wylis moculoba unda emTxveodes Tavad
Rvarcofis moculobas

Z

X
o

η

(x,t)

Ω
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(6)

miRebul sasazRvro pirobaSi igulisxmeba rom wertili da wiri
ganixileba -ze. gamoTvlebi aCvenebs rom SeSfoTebis zonis sidideze
mciredaa damokidebuli warmoqmnili talRebis amplituda, amitom
SesaZlebelia aviRoT da Sesabamisad .
saangariSo badeze fskeris daxrilobis aproqsimacia xdeba im mosazrebiT, rom
Tu erTeuli marTkuTxedis farTobis daxris wiriT gayofis dros naxevarze
meti wili rCeba ares gareT, maSin aseTi marTkuTxedi ar ganixileba
saangariSod. Sesabamisad miviRebT safexurebis formis wirs, romelzec unda
ganisazRvros sasazRvro pirobebi.
ricxviT amonaxsenSi fskeris safexuri mimarTulia oX RerZis gaswvriv,
sazRvris normali mimarTulia oZ-is gaswvriv da daxris kuTxis
gaTvaliswinebiT gantolebaSi Segvecvleba mxolod Tavisufali wevrebi:

(7)

SesaZlebelia daxrili fskeris aproqsimacia ara marTkuTxa qimebis,
aramed blagvi qimebis saSualebiT, rac garkveulad arTulebs amocanas.
mocemuli meTodikiT SesaZlebelia rTuli areebis Sesabamisad zusti
aproqsimacia da Tu biji sakmarisad mcirea iZleva karg Sedegebs.

3. daskvna
wyalsacavSi Rvarcofis Semodinebis Sedegad warmoSobili pirveli

eqstremaluri talRis prognozirebis ganxiluli meTodika saSualebas iZleva
aRvweroT wyalsacavSi eqstremaluri talRebis moZraobis sruli procesi
(talRebis warmoqmna, kaSxlidan arekvla, interferancia da sxva). gaTvlebis
procedura SedarebiT swrafia da ekonomiuri, xolo Sedegebi zusti wyalsacavis
formisa da saangariSo parametrebis cvlilebis farTo diapazonSi.

literatura
1.Gvelesiani T., Jinjikhashvili G., Berdzenashvili G., Stepania T., Aronia G. ON PREDICTION AND

PREVENTION OF DEBRIS FLOW CATASTROFIC IMPACTS ON HYDRAULIC PROJECTS IN
MOUNTAIN AREAS (Georgia, Israel).  5-th International Scientific and Technical Conference. Modern
Problems of Water Management, Enviromental Protection, Architecture and Construction. 16-19 July,
2015. p49-54;

2.Гвелесиани Т., Данелия Р., Бердзенашвили Г. Прогнозирование динамических параметров
консеквентных (блоковых) оползней вдоль береговых склонов и по дну водоемов. Georgian
Engineering News. Tbilisi. 4(8). 1998. p.61-64;

3.Самарский А., Николаев Е. Методы решения сеточных уравнений. М. Наука, 1978;
statia Sesrulebulia saxelmwifo grantis ucxoeTSi moRvawe

TanamemamuleTa monawileobiT erToblivi kvlevebisaTvis proeqtis №DI/14/3-109/14
„mTian raionebSi ganlagebul hidrokvanZebze Rvarcofebis katastrofuli
zemoqmedebis prognozireba da prevencia“  ІІ saangariSo periodSi
gaTvaliswinebuli samuSaoebis farglebSi SoTa rusTavelis erovnuli samecniero
fondis dafinansebiT.
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axali teqnologiebi
betonis biologiuri korozia

biologiur korozias adgili aqvs nagebobaSi zogierTi baqteriis
cxovelmoqmedebisas, ris Sedegadac iqmneba mJavebi, romlebic Slian betonis
struqturas.

biogenuri gogirdmJava korozia cnobilia XX saukunidan. korozia xdeba
sakanalizacio rkinabetonis milebSi
gogirdis naerTebis daJangviT Thiobacillus
(cnobilia 60-mde saxeoba) baqteriebiT,
gogirdmJavas miRebiT.

baqteriebs arseboba SeuZliaT roca
temperaturaa 10...370C da pH=0,5...6.
sakanalizacio sistemebSi gogirdis
aqroladi H2S naerTi gamomuSavdeba
uJangbadod, Desulfotomaculum da Desulfovibrio
baqteriebiT, Camdinare wylebSi arsebuli
sulfatebisagan.

nax. 1. biogenuri gogirdmJava
koroziis sqema

2CH - CHOH-COONa + MgSO4 + (Desulfovibrio) → 2CH2COONa + MgO + H2S
↑ + CO2

↑ + H2O;
H2S +(Thiobacillus) → H2SO4;
H2SO4 + Ca(OH)2 → CaSO4

. 2H2O + H2O;
H2SO4 + CaCO3 → CaSO4

. 2H2O + H2O + CO↑

SemdegSi korozia viTardeba III saxeobis koroziis sqemiT. portlandcementis
hidrataciis zogierT produqtTan sulfatebis urTierTqmedebis Sedegad, forian
garemoSi iqmneba kalciumis maRalsulfaturi formis hidrosulfoaluminatis
(bunebrivi mineralis etringitis 3CaO.Al2O3

.3CaSO4
. 31 H2O analogi) an TabaSiris qvis

CaSO4
.2H2O naerTebi, romelTa moculoba gacilebiT aRemateba reaqciaSi Sesuli

nivTierebebis moculobas, rac iwvevs betonis mniSvnelovan daZabulobas da daSlas.
(etringitis moluri moculoba 8-jer aRemateba C3A molur moculobas).

korozia SxefsacivarSi aseve aris biologiuri. SxefsacivarSi fardobiTi
tenianoba aRemateba 95%, temperatura ki aris daaxloebiT 25...300C, rac idealuri
pirobebia baqteriebis arsebobisaTvis, romelTa cxovelmoqmedebas mivyavarT azotis
da gogirdis mJavebis SeqmnasTan. gamaazotirebadi baqteriebi warmoqmnian azotis
mJavas Semdegi sqemiT:

_ amiakis daJangva NH3 + O2 → HNO2;
_ azotmJavis warmoqmna HNO2 + O2 → HNO3;
korozia viTardeba mJavuri koroziis sqemiT
HNO3 + Ca(OH)2 → Ca(NO3)2 + H2O.
germaneli mkvlevarebis monacemebiT 1m3 betonSi 40 kviraSi warmoiqmneba 16ml

azotmJava. zRvis wyalSi betonis daSla SeiZleba gamoiwvios nagebobaze zRvis
cocxali an mcenareuli organizmebis Sezrdam, romelTa cxovelmoqmedebas Tan sdevs
mJavebis gamoyofa. pirvelad es faqti aRmoaCines 1902-1903 wlebSi.

biokoroziisagan yvelaze saimedo dacvaa masalis SedgenilobaSi biociduri
danamatis Seyvana, zedapiris dafarva biociduri afskwarmomqmneli masaliT an
gaJRenTva biociduri SedgenilobiT.

profesori a. Ciqovani
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gaxseneba

zurab gedeniZe
qarTuli sainJinro mecnierebis TvalsaCino

warmomadgenels, niWierebiT, profesionalizmiT da maRali
zneobiT gamorCeul pirovnebas, zurab gedeniZes, 2015 wlis
zafxulSi, misi sayvareli teqnikuri universitetis
kedlebSi, profesiuli saqmianobis Sesrulebis dros
(disertaciis oponirebis momentSi), gulma sabolood
umtyuna da naadrevad wavida am qveynidan. is daaklda Tavis
sayvarel ojaxs, megobrebs, kolegebs, qveyanas. misi dakargva
gansakuTrebulad mwvaved ganicada saqarTvelos teqnikuri
universitetis samSeneblo fakultetis profesor-
maswavleblebma da studentobam. swored am fakultetis
dekani gaxldaT batoni zurabi gardacvalebamde.

misi profesiuli biografia sakmaod STambeWdavia.
profesori zurab gedeniZe daibada 1943 wlis 10 agvistos wyaltubos raionis zofel
xomulSi. 1961 wels warCinebiT daamTavra quTaisis avtomeqanikuri teqnikumi, xolo
1967 wels aseve warCinebiT daamTavra saqarTvelos politeqnikuri institutis
samSeneblo fakulteti, samdinaro nagebobebisa da hidroeleqtro sadgurebis
hidroteqnikuri mSeneblobisspecialobiT.

1969 wlidan gardacvalebamde muSaobda hidroteqnikur nagebobaTa kaTedraze,
sadac gaiara samecniero-pedagogiuri moRvaweobi syvela safexuri. iyo asistenti,
docenti, profesori da kaTedris gamge.

1974 wels daicva sakandidato disertacia. 1990 wels teqnikis mecnierebaTa
doqtoris samecniero xarisxis mosapovbelad brwyinvaled daicva disertacia. 1992
wels mieniWa profesoris wodeba. 1985-1987 wlebSi iyo hidroteqnikisa da santeqnikis
fakultetis dekanis moadgile, 1990-1999 wlebSi xelmZRvanelobda hidrteqnikur
nagebobaTa kaTedras. 2007 wlidan gardacvalebamde iyo samSeneblo fakultetis
dekani.

baton zurab gedeniZis maRalkvalifikaciur mecnierad, pedagogad da inJinrad
CamoyalibebaSi didi wvlili miuZRvis hidroinJineriis cnobil mecniers, mis
samecniero xelmZRvanels da konsultants profesor nikoloz mowoneliZes, agreTve
garsTa TeoriaSi cnobil mecniers profesor merab miqelaZes, romelsac batoni
zurabi yovelTvis miiCnevda Tavis maswavleblad. batoni zurabi monawileobda mraval
respublikur da saerTaSoriso konferenciaSi. avtoria 110-mde samecniero naSromis,
saxelmZRvaneloebis, meToduri miTiTebebis da oTxi monografiis.

mis mier  gamoqveynebul monografiebSi ganxilulia axali konstruqciis
Txelkedliani da TaRovani kaSxalebis simtkiceze gaangariSebis kombinirebuli
meTodebi, agreTve maTi optimaluri parametrebis SerCevis sakiTxebi. Teoriuli
kvlevis Sedegebi miyvanilia ricxviT realizebamde, rac adasturebs am meTodebis
saimedobas da gamoyenebis realurobas. gansakuTrebiT aRniSvnis Rirsia sadoqtoro
disertaciis Sedegebze dafuZnebuli monografia ”Напряженно-деформированное состояние
оболочечных гитротехнических конструкцийи сооружений” romelic man 2001 welsgamosca. igi
calsaxad adasturebs mis niWierebas, mecnierul alRosa da erudicias, dargis Rrma
codnas, mecnieruli analizisa da saixlisaken swrafvis unars.

mis niWierebasa da maRal mecnierul doneze migvaniSnebs is faqtic, rom man
2006-2015 wlebSi saqarTvelos ganaTlebisa da mecnierebis saministros SoTa
rusTavelis samecniero erovnuli fondis konkursSi gamarjvebiT moipova 4
samecniero granti.
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zurab gedeniZe gaxldaT Rmad erudirebuli pirovneba, naTeli gonebis mecnieri,
SesaniSnavi pedagogi. wlebis ganmavlobaSi nayofier samecniero-pedagogiur
moRvaweobas brwyinvaled uTavsebda praqtikul sainJinro saqmianobas. romlis
damadastureblad moviyvanT mis profesiuli saqmianobidan Semdeg monacemebs:

iswlebis ganmavlobaSi iyo saqarTvelos energetikis saministros eqsperti, s.s.
`hidroenergetikis~ teqnikuri direqtori, md. moduliswyalze da tbeTze (aWara)
hesebis proeqtebis xelmZRvaneli, md. rionze varcixehesis, md. aragvze Jinvalhesis, md.
lajanurze lajanurhesis, md. rionze (q. foTTan) wyalgamyofi hidrokvanZebis
reabilitaciis proeqtis wamyvani specialisti, baxvihesis proeqtis mTavari inJineri,
saqarTvelos mdinareebze mcire hesebis ormocdaaTamde sainvesticio proeqtis avtori,
xadorhesis (axmetis raioni) saTavo kvanZis proeqtis mTavari inJineri, rusTavhesis
(aspinZis raioni) proeqtis hidroteqnikuri nawilis avtori, Cirux-sanaliahesis
proeqtis, bankis tipis turbinebis konstruirebis, hesis gaSveba-gasamarTi samuSaoebis
Tanamonawile, hidroteqnikuri mSeneblobis sxvadasxva samSeneblo normis Sedgenis
Tanamonawile, eqsperti.

batoni zurabi iyo aWaris avtonomiur respublikaSi hidroenergetikuli
potencialis aTvisebis generaluri proeqtis Tanaavtori, foTis portis
rekonstruqciis proeqtis saeqsperto komisiis Tavmjdomare. man maRal doneze
Seasrula namaxvanhesis TaRovani kaSxlis, lakbes miwis kaSxlis, minaZehesis
kontrforsuli kaSxlis, birkianis miwis kaSxlis simtkiceze da mdgradobaze
gaangariSebebi seismuri zemoqmedebis gaTvaliswinebiT. xudonhesis miwisqveSa
sadguris gadaxurvis simtkiceze axali meTodiT gaangariSebisaTvis miiRo premia.
gaangariSebis algoriTmi Setanili iqna sainformacio katalogSi“ algoriTmi da
programa, moskovi”. iyo spi-s hidroteqnikuri nagebobebis kaTedris sakonstruqtoro
biuros mTavari konsultanti, durifSis da aJaris hesebis aRdgena-rekonsrtuqciis
proeqtebis mTavari inJineri. dmanisisa da kaxareTis hesebis aRdgena-rekonsrtuqciis
proeqtebSi monawile, mravalisaxelSekrulebo Temis xelmZRvaneli an pasuxismgebeli
Semsrulebeli. md. cxeniswylis napirdamcavi nagebobebis, gadasasvleli xidis da 22m.
simaRlis miwis kaSxlis obieqtebis mSeneblobazeteqnikuri zedamxedvelobis ufrosi.

samSeneblo fakultetis dekanad muSaobis periodSi mudam cdilobda profesor-
maswavleblebsa da studentebs Sorissaqmiani da, amave dros, gulwrfeli
urTierTobebis damyarebas. pativs scemda da uyvarda isini.

baton zurabs hqonda Sesanisnavi iumori, icoda mtkice da uangaro megobroba.
hyavs brwyinvale meuRle, Svilebi da SviliSvilebi. mas udaod Rirseuli avtoriteti
hqonda teqnikuri universitetSi kolegebsa da studentebs Soris, rogorc karg
mecniersa da keTilSobil pirovnebas. misi mecnieruli Semoqmedeba da Rirseuli
cxovrebis wesi ar darCenila SeumCneveli. dajildoebuli iyo Rirsebis ordeniT.
garda amisa, gardacvalebidan sul mokle droSi, dekanis baton daviT gurgeniZis
iniciativiT da samSeneblo fakultetis sabWos gadawyvetilebiT, fakultetis erT-erT
gamorCeul auditorias zurab gedeniZis saxeli mieniWa.

profesor zurab gedeniZis TaosnobiT, saqarTvelos teqnikuri universitetis
reqtoris baton arCil frangiSvilis udidesi TanadgomiT, samSeneblo fakultetze
Seiqmna saerTaSiriso donis sasawvlo-samecniero da saeqsperto laboratoria,
romelic teqnikuri universitetisaTvis udidesi monapovaria.

madlieri axalgazrdoba, profesor-maswavlebelebi, megobrebi, sayvareli ojaxi,
meqanikosTa kavSiri, romlis prezidiumis wevric iyo, arasdros daiviwyeben am
qveynidan Rirseulad wasul pirovnebas, baton zurab gedeniZes.

kolegebisa da megobrebis saxeliT:
profesori tariel kviciani

profesori arCil mowoneliZe
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SUMMARIES
Gigineishvili D. I.,  Matsaberidze T., Tkachenko T.N., Voloshkina E.S. Scientific-technical journal “BUILDING”
#4(39), 2015. SOME FEATURES OF REINFORCEMENT DAMAGED BUNK RETAINING WALLS WITH
TAKING INTO ACCOUNT BEHAVIOR OF SUBGRADE
The article presents an analysis of errors made at design and erection of two-tier retaining walls. On the basis of the
application of computer modeling, calculation and analysis of mode of deformation of structural systems, calculation of
slope stability with taking into account of existing retaining walls, are made design solutions of reinforcement and
recommendations for keeping and carrying out of complex structure existing retaining walls function without
deformation, damage or without any other complications for a long period of operation. It is also recommended to apply
a biological method for slope stabilization, based on the three-level transplanting of specialized plants.
A. Phrangishvili, Z. Tsikhelashvili, I. Kadaria, N. Chkheidze, P. Giorgadze. ON-SHORE RECREATIONAL
PROTECTION FLOATING-STORM WEAKENING WATERWORKS. Scientific-technical journal
“BUILDING” #4(39), 2015.
Is developed a new form of floating protection storm weakening hydraulic structure’s link complex option that is
designed for the protection of coastal recreational waters and open ports from storm waves. According designed
innovative project makes certain duty and viability coastal towns to the rehabilitation and spatial perspective
construction in international destination open ports and coast and recreational zones. As well as the ecological and
preventive recommendations for these objects (unimpeded functioning of drain in storm conditions, improvement of
recreational- comfortable level of tourists and so on), which is especially relevant and timely today. In addition, in the
first place, it is appropriate to coastal resort-recreational zone in adjacent of Batumi city Boulevard by selecting
implementation of the pilot-test innovative project.
Sh.Bakanidze, B. Surguladze, K. Iashvili. FAVORABLE TECHNOLOGICAL SOLUTION OF TRADITIONAL
ANTI-LANDSLIDE RETAINING WALLS. Scientific-technical journal “BUILDING” #4(39), 2015.
Are considered several types of traditional anti-landslide retaining walls. Based on results of their structural analysis is
carried out calculation of technical and economic characteristics. Is revealed favorable technological solution.
M. Grdzelishvili, O. Giorgobiani, A. Kopaliani. USING AMBIENT AIR FOR HEAT OF BUILDINGS.
Scientific-technical journal “BUILDING” #4(39), 2015.
In the article is considered the issue of replacement of operating on fossil fuel buildings heating, hot-water supply and
air conditioning systems with air heat pump items. This installations as source of prime heat apply the ambient air of
temperature within range of +10÷−20℃ and effectively heats the building with high indicators of safety and
environmental characteristics.
The air heat pump is possible to be used in arbitrary volume buildings, their installation and service is easy.
The replacements of operating on natural gas heat generator by heat pump will improve the environment provides
energy independence of consumers, while in areas where natural gas is not supplied will be excluded problem of
consumer’s supply by fire-wood or other fuel.
L. Kakhiani, L. Balanchivadze, K. Iashvili. How to extend elements of reinforced concrete buildings built and
operational terms bzarmedegoba. Scientific-technical journal “BUILDING” #4(39), 2015.
In the article are considered the results of scientific studies of extension of crack resistance and durability constructed
from reinforced concrete structures. Their application methods and issues of safe operation of buildings.
A. Lagidze The legislative framework of Preservation and development of planting and recreational landscapes
of Tbilisi city. Scientific-technical journal “BUILDING” #4(39), 2015.
The article presents development process for urban construction of  Tbilisi and  Its recreational landscape If park
Infrastructure Development. Given at present, the existing legal framework: A general character principles of the norm
of the laws and their subordinate normative acts.
R. Tskhvedadze, Z. Madzagua, D. Tabatadze, D. Jankarashvili. ANALYSIS OF BRIDGE-LIKE STRUCTURE
WITH CONSIDERATION OF CONCRETE CREEP DEFORMATION. Scientific-technical journal
“BUILDING” #4(39), 2015.
In the paper is presented the calculation of bridge-like reinforced concrete structures on action of uniformly distributed
loadings with taking into account the concrete creep deformation. Is considered the simplest bridge-like structure with
one intermediate pier. The consideration of creep deformation is carried out by creep aging theory, which better
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describes the process in the reinforced concrete structures. At load of structure is not changed the time shape of
building.
M. Moistsrapishvili, L. Andguladze. IMPACT OF ENVIRONMENT ON RAIL TRANSPORT SAFETY
TRAFFIc. Scientific-technical journal “BUILDING” #4(39), 2015.
In the article is considered the impact of environment on rail transport safe, smooth and continuous traffic, as one of the
important factors, on that in Georgia does not attract enough attention. It is noted that due environmental impact railway
departments activity is slowing down, stopping (rejection) in range up to 17% and in case of their neglecting is
increasing probability of anthropogenic disaster, which is resulted in the majority of cases, in addition to considerable
material damage would occur very large scale instant contamination of the environment. in the article are proposed
measures to be implemented in railway transport enterprises structures.
R. Imedadze, T. Magradze. PROBLEMS OF WATER RESERVOIR CONTAMINATION PROTECTION.
Scientific-technical journal “BUILDING” #4(39), 2015.
By authors in the paper are considered the problems of water reservoirs and water recourses contamination protection.
The authors take into account the experience of world leading countries and offer their opinions for this issue solution
in Georgia.
The solution of these issues are very important for the country that contributes to the improvement of environmental

problems as well as flora, fauna, and condemns all environmental improvement. The authors shows the ways of these
issues solutions and proposes, what means should be used to obtain required funds: regional funding, central funding,
financial inclusion of industrial enterprises and interested persons and others.
The authors focused on the idea of organizations taxing in case of reservoirs contamination, in that will be considered
of the quantity of water discharged by enterprises into the water reservoirs and level of contamination. The authors also
believe that should be defined the dirt water discharge place in waste reservoirs and be given permanent control of
water pollution levels.
By authors in the article are shown in table form list of Georgia natural reservoirs, which is very important for keeping
clean. For this will be considered offered by the authors proposals and conclusions.
Kh. Iremashvili1, G. Berdzenashvili1, G. Jinjikhashvili². ONE-DIMENSIONAL (1D) NUMERICAL
MODELING OF CAUSED BY MUDFLOW IN HAVING COMPLEX TERRAIN WATER RESERVOIR
WAVES ORIGINATION PROCESS. Scientific-technical journal “BUILDING” #4(39), 2015.
In the article is considered that a shallow water movement one-dimensional (1D) simultaneous equations finite-
difference numerical solution methods and are proposed prediction of caused by mudflow extreme waves, taking into
account the real terrain, for narrow shallow mountain reservoirs.
I.Kvaraia, T.Dvalishvili, Sh.Kanchashvili.Simple Moving hubs concrete mold systems during construction.
Scientific-technical journal “BUILDING” #4(39), 2015.
The article discusses the necessity of relaying nodes while designing complex reinforced concrete systems and provides
some examples of their structural solutions.
E. Abramidze, El. Abramidze, A. Kublashvili, V. Chankotadze. NUMERICAL SOLUTION OF LAYERED
MEMBRANES DEFORMATION TASKS BASED ON DIFFERENT NONLINEAR THEORIES. Scientific-
technical journal “BUILDING” #4(39), 2015.
At study of layered membranes nonlinear deformation tasks and their further numerical implementation are applied
based on Kirchoff-Liave and polygonal hypotheses nonlinear theories. For numerical implementation of the mentioned
tasks class, based on the above theories, are obtained nonlinear systems of layered shells non-linear deformation tasks
decisive differential equations. Is stated particular example of layered membrane deformation. The numerical solution
of this example, based on the above-mentioned theories is carried out due non-linear differential equations numerical
realization. Based on the obtained numerical results and relevant analysis are made certain conclusions,  also are studied
the caused by influence of boundary conditions changing on shell’s mode of deformation.
G. Chokhonelidze, I. Mshvidobadze, G. Lutidze. DETERMINATION OF GROUND CONVENTIONAL
RESISTANCE BY STRENGTH INDICATORS. Scientific-technical journal “BUILDING” #4(39), 2015.
At present, in construction norms SN 02.01.08 determination of R0 - ground conditional resistance is carried out by
ratio of soil porosity and flow indicators. We are introducing this proposal, to determine the R0 by such direct
characteristics of the soil strength, as: soil internal friction angle - φ and specific cohesion – C.
T. Papuashvili, M. Sulamanidze. ASSESSMENT OF FATIGUE DURABILITY OF ASPHALT CONCRETE
CARPETS IN REAL CONDITIONS OF OPERATION. Scientific-technical journal “BUILDING” #4(39), 2015.
In conditions of modern high-speed intense movement the asphalt carpet undergoes the vehicles multi-cycle impact that
has the dynamic nature and is considered as one of major factor to reduce and damage of road carpets and transport-
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operating state. It is known that asphalt damage under the influence of multiple loads is caused by fatigue processes, i.e.
origination and accumulation of micro-defects, with gradually reducing the strength on time.
R. Kakhidze, M. Vazagashvili. ALGORITHM FOR AMPLITUDE-FREQUENCY CHARACTERISTICЫ OF
HETEROGENEOUS PRISMATIC STRUCTURES. Scientific-technical journal “BUILDING” #4(39), 2015.
Is stated the description of software complex structure for determination of dynamical characteristics of structurally
inhomogeneous prismatic structures, modes of their behavior.
N. Murgulia, B. Churchelauri, Z. Churchelauri. IMPACT OF HAVING VARIABLE DISCHARGE OF
GROUND WATER ON EXISTING PRE-FABRICATED STRUCTURES. Scientific-technical journal
“BUILDING” #4(39), 2015.
In the article are analyzed the revealed as result of observation of existing on territory of 31-th plant in Tbilisi main and
located in the adjacent area two utility industrial buildings. Are determined the characteristics of materials of load
bearing frame structure, grounded on that is compiled relevant register. Based on the analysis of research results are
made recommendations and technical expertise conclusion.
M. Chanturia, G. Nozadze. CALCULATION OF WORKING ON BENDING DEFORMATION COMPOSITE
CROSS-SECTION STRUCTURES ON DURABLE DEFORMATIONS. Scientific-technical journal
“BUILDING” #4(39), 2015.
In the paper is considered method of direct calculation of stresses with taking into account development of creep
deformation. Due observations of world economic processes is clear that the construction industry is experiencing the
most rapid progress. Especially is developed high-rise buildings, in that dominate the lightweight structures. In these
types of buildings are often applied composite cross-section structures, in that are jointly working reinforced concrete
and steel, having different characteristics reinforced concrete and so on. In composite cross-section structures the
concrete creep limit is possible to vary in the range from -30% up to - 45%, corresponding possible deviations of kx

ratio from - 45% up to - +45%, and to possible deviations of kx corresponds possible deviations of stresses from - 18 up
to + 18%.
N. Laghidze. Selective  Socio-economic Research of the mountainous regions of East Georgia. Scientific-technical
journal “BUILDING” #4(39), 2015.
The article presents purposeful organize expeditions in the mountainous regions of East Georgia, The expedition was

conducted in June-August 2015. The main objective of the expedition: Functional planning connections of Regional
Community of mountainous regions of East Georgia; Living conditions of the population; Road construction; Historic
monuments; The hearth of the Cultural Heritage and  Introducing and grades at the unique landscape, Ecosystems
Biodiversity of the mountainous regions of East Georgia.
Sh. Bakanidze, B. Surguladze, K. Iashvili. PROVIDING OF NATURAL SLOPES STABILITY WITH
GROUND ANCHOR REINFORCED CONCRETE RETAINING WALLS. Scientific-technical journal
“BUILDING” #4(39), 2015.

Are considered two variants of arrangement in providing the natural slopes stability in reinforced concrete retaining
walls with ground anchors: in one-tier in the upper part of the retaining wall and in 2-tier, with anchors arrangement in
the upper part of the wall as well as with their fixing in the foundation. Based on technical and economic calculations is
revealed the favorable design solution.
L. Balanchivadze, B. Mebagishvili. ANAKLIA - A NEW DIRECTION IN DESIGN OF ARRANGED ON
WATER BUILDINGS. Scientific-technical journal “BUILDING” #4(39), 2015.
In the paper are considered features of construction of new building, including in water and water surface in Anaklia,
Georgia, port area and coastline infrastructure projects. Is related with major priorities in construction activities and
spatial planning: arrangement of inhabited and uninhabited areas, creation of preconditions for equal economic, infrastructure,
social, environmental and cultural development. Also, the maintenance and development of recreational areas.
E. Tsverava. RESEARCH OF TEA MASS MOTION PROCESS. Scientific-technical journal “BUILDING”
#4(39), 2015.
Tea leaf withering is complex biological process. For obtaining of final quality of the product the major determinants is
presented by the quantity of tea rough and hardened fractions that leads to a reduction of capability of withering
aggregate up to 20-30% and inequality increase of tealeaf withering. Therefore, the paper provides searching of such
method for tea mass thermal treatment, when at intensification of the withering process is obtained uniformly withered
tea mass. For solution of mentioned tasks are determined optimal parameters of tea mass motion and height of the layer
and were conducted experiments on the tea average weight sample.
B. Tsulukidze, M. Grdzelishvili, G. Zurabiani. SINGLE-DOME DEEP BEDDING UNDERGROUND
STATIONS. Scientific-technical journal “BUILDING” #4(39), 2015.
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In the article is stated that in construction of the Tbilisi city underground new line will be realized many innovations
and advanced structural and technological solution. Is stated a system vision on tunneling system in science and
technology development.
T. Papuashvili, V. Jghamaia, G. Chubinidze. STRENGTHENING OF ROAD DRESS CONSTRUCTION WITH
COLD RECYCLING METHOD. Scientific-technical journal “BUILDING” #4(39), 2015.
A given work includes the methodological measures, based on the cold recycling, for increasing the physical-mechanical
features of design layers of the road dress construction.
The research describes the technological process of the cold recycling and the modern laboratory testing methods of used
construction materials. To determine the optimal humidity and maximal density of recycled mix is used the newest laboratory
equipment – ”CBR Proctor“. In-parallel is reviewed the determination of compression ratio of strengthened by recycled mix
pavement, by the means of ”Balloon equipment“.
G. Kiknadze, T. Tabatadze. PROPEDEUTICS ISSUES OF FRACTAL ARCHITECTURE. Scientific-technical
journal “BUILDING” #4(39), 2015.
To understand the Fractal structure principle of the universe currently deeply is involved in many areas, including
the formation of architect-construction object external view as well as in arrangement of its internal structure. The
recognition of the importance of subconscious role with directed from the empirical to theoretical generalization
vector – will be serve to the scientists turn toward to practice of all methodical training programs. These should be
based on the principles of fractal architectural propedeutics.
I.Kvaraia. Technological solutions to the problems arouse during groundwater enforcement. Scientific-technical
journal “BUILDING” #4(39), 2015.
The article discusses technological solutions to the problems arouse during groundwater enforcement. The process is
especially difficult after a certain part of the construction is already fulfilled, when the construction technology and
project documentations are changed, and construction budget and deadlines increase.
A.Akhvlediani, A. gogoladze, G. akhvlediani. Modern wind energy technology level. Scientific-technical journal
“BUILDING” #4(39), 2015.
Wind Energy has made remark kableprogress in 2000-2015 years, specifically when electricity price eurocents / kWh
decreased from 35.0 to 6.0 eurocent and specific investment euro/ k Wchanged from 5000 to 1000, this allows us to
conclude, that winden ergynow compete with traditional energy.
A. Sakvarelidze. Cement based composites defermation and strain connection depicted, materials creep nucleus
and amongst connection. Scientific-technical journal “BUILDING” #4(39), 2015.
Cement based composites deformation and strain connection depicted. Various materials creep nucleus (stress-tension,
share and volume) and amongst connection formulas defined.
M. Chanturia, N. Khomeriki. CABLE-BRACED BRIDGE STIFFNESS BEAM CALCULATION WITH
TAKING INTO ACCOUNT COMPLIANCE OF CABLES. Scientific-technical journal “BUILDING” #4(39),
2015.
Let’s give the main prerequisites for the formulation of essence of issue. Timbers due its precious properties are natural
polymeric material. It is characterized by small volume mass (density), high relative strength, small heat expansion
coefficient, small thermal conductivity ratio (400 times less in comparison with brick and reinforced concrete), resistance
against chemical agents, good nailing, easy processing, production and transportation, unhamperedexploitation, possibilityof
receiving of any size cross-section by small size elements due connecting through the glue and so on.
The tendency for keeping of new construction qualities and reducing of the negative characteristics impact of the tendency is
one of the main directions of modern construction. Besides, related to nature protection and requirements of environmental
improvement very sharply posed the question of timber economically application. Responds to solving these problems is in
scientific circles to create the rational buildings structures, in which will be effectively utilized timber. For such structures are
belonging glued wood, composition and reinforced wooden structures.
Composition and reinforced wooden structures are still less investigated, but on the basis of research has been conducted on is
defined that they can play great roleby point of view to develop the rational, high-effective  and economic structures.
C. Berdzenashvili1, Kh. Iremashvili1, G. Jinjikhashvili². TWO-DIMENSIONAL (2D) NUMERICAL
MODELING OF MUDFLOW IN HAVING INCLINED BOTTOM DEEP WATER RESERVOIR. Scientific-
technical journal “BUILDING” #4(39), 2015.
In the article is considered two-dimensional (2D) numerical solutions of potential movement by finite-difference,
operator, implicit iterative form and is proposed method for forecasting resulting due mudflow extreme waves for
having inlined bottom a narrow and deep mountain water reservoirs.


